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INSTRUCTIONS FOR TJ33 OPERATION AND MAINTENANCE 
OF US P-46 SUSPENDED-SEDIMENT SAMPLERS 

1. Scope of these instructions--These ins t ruc t ions  a re  applicable 
t o  US P e r s  except those bearing s e r i a l  Nos. 
40 t o  50, inclusive,  which have a s l id ing  valve mechanism. The 
samplers discussed here were constructed from plans dated October 1947 
o r  revised plans dated December 1953 and Y B ~  1956. The f i r s t  
i n s t m e n t s  were delivered t o  the  f i e l d  o f f i ce s  i n  the spring of 1948. 

This discussion was prepared primarily t o  a id  the f i e l d  men who use 
the US P-46 sampler t o  be t t e r  understand i t s  operation and mintenance. 
The ins t ruct ions  cover samplers having valve mechanism actuated by a 
clock-type spring o r  by a rotary solenoid. Some of the troubles ex- 
perienced with the operation of the  samples, t h e i r  cause and remdy 
a re  discussed. Some general procedures and techniques f o r  taking 
samples a r e  presented. This mnual  i s  a revis ion of one dated 
December 1953. 

XI. DESCRIPTION OF TRE US P-46 SAMPUR 

2. General description--The US P-46 sampler was dtsigned t o  col-  
l e c t  a suspended-sedixent sample a t  any point  beneath the surface of 
a stream. A saaple taken a t  one point  is  integrated over the  duration 
of the time of saapling, and i n  t h i s  discussion i s  called a point  
sample. The sampler my a l so  be used t o  take a sample continuously 
over a range i n  depth. This type of sample i s  cal led a depth- 
integrated sample. The r a t e  a t  which a sample is  collected depends 
almost d i r ec t l y  on the  veloci ty  i n  the stream a t  the  sampling point. 

The sampler weighs LOO pounds. It i s  made of ca s t  bronze; it is 
streamlined and equipped with t a i l  f i n s  t o  o r i en t  the sampler i n  
flowing water. A nozzle f o r  col lect ing the  sample projects  i n to  the  
stream from the head of the sampler. The valve mechanism i s  enclosed 
i n  the head of the  sampler and i s  e l e c t r i c a l l y  actuated t o  s t a r t  and 
stop the  sampling process. The body has a cavi ty  i n to  which a p in t  
milk bo t t l e  i~ inser ted t o  receive the sample. The diving b e l l  prin- 
c ip le  is  used t o  balance the a i r  pressure i n  the  bo t t l e  with the 
hydrostatic pressure a t  the  nozzle p r io r  t o  opening the valve a t  the  
s t a r t  of sampling. This i s  accomplished through a second body cavi ty  
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which is connected by ports to the surrounding stream and to the 
sample bottle %bough the vave system. A drawing of the samples 
ie shown in Fig. 1, 

3 .  Valve mechmism--The valve is a~t~aLed by either a clock-tyye 
spring or a rotmy solenoid. The c%osk-tne spring must be wowd 
for every $ow OF f%ve saqles. Rotation of the valve powered by the 
clock-type spriw Is controlled electrically by an escapement which 
is triggered by a plwger-tyase solenoid. A drawing of this valve 
mechanism 2s sham in Fig. 2 ,  DeLaila of parts and a pasts list m e  
given i n  Fig, 3 an6 4, 

The valve in the mre recen* US P-46 sampler is actuated by a 
rotary solenoid which loads a coil type ratchet-drive-spring. Also, 
some sf the  older mdels have been mdified to include the rotary 
solenoid. A description 09 this mchsnism is given in Section 35 and 
36. Fig 5 and 6 show drawings and a parts list of the rotary-solenoid 
nechnisrm, The Latest revisions to the mechanism are shown in Fig. 7 
stxi 8. 

Rotation of the sampler valve, whether actuated by the clock-type 
spring or rotam eoglenoid, is =rested at three fixed positions, thus 
pe-tting tkee separate aLi nts of air and fluid passageways 
"cough the valve plug. At one position of the valve, which may be 
called the first position, or the pressure equalizing position,.tbe 
air pestsage from the pressure equalizing chamber in the body casting 
is comected %bough %he valve plug to the sample container, and the 
other passageways are c s q l e t e l y  shut off. The 9ressure equalizing, 
or first, position t~oad normlly be that selected preparatory to sub- 
merging the inss"cwa%t to the sawling paint, With the valve in the 
first position, energizing the solenoid once trips the operating 
mcbaaaiem and penaait~ the valve to rotate 120" to the second position, 
or saq%e collecting position. This simu%tmeously opens the fluid 
intake passQeway to the bottle and the air escape passageway from 
the  bottle, m d  sPo~es the passageway Lo the pressure equalizing cham- 
ber. Energizing the  solenoid a second time rotates the valve 120' into 
the third, or c l o ~ e d ,  position in which all passages are closed and 
smpling ceases. After the smler has been raised and the sample re- 
moved, the solenoid m y  be energized a third time to return the valve 
thru 120" to %he first position. 

4. --Sow models have been equipped with 
the win -55), detailed in fig. 3 for winding 
the valve &iving clock-tme spring. This winding device is part of 
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the head cover and consists of a machined brass shaft containing an 
eccentrically mounted stainless-steel machined rod with pins project- 
ing from its inner end. The outer end of the device is recessed to 
accommodate a hexagonal socket wrench. Leakage is prevented by "0" 
ring sealing gaskets. Clockwise rotation of the plug by means of a 
socket wrench engages the end pin projecting from the winding plug 
with the 118-inch pin projecting f'rorn the valve nut. Continued clock- 
wise rotation with additional force winds the valve driving spring. 
Counterclockwise rotation of the winding plug to coincidence with the 
surface profile of the head disengages the winding assembly from the 
valve and permits free operation of the valve mechanism. Precise 
orientation of engaging pins on the winding device and the valve nut 
is critical. Improper position or proJection of these pins will re- 
sult in mlfunctions. Worn or damaged pins m y  be replaced in the 
field using proper lengths cut and dressed from hardened 118-inch 
diameter stainless-steel rod. 



5. Wneral--me a w i l i a m  equipmnt discussed i n  this chapter i a  
used wdth US P-h-6 s a q l e r s  having e i t h e r  the  clock-type spring o r  the 
r s tay-so lenoid  mchmism, The discussion sf the switch and c i r c u i t  
i n  Section 12 and 13  appl ies  oKLy t o  the  sarrrgler having the  clock-type 
spring* lFke switch an6 c i r c u i t  f o r  the  sampler having the  rotary sole- 
noid are  discussed i n  Section 38 m d  39, 

6 .  MomLlng--The sampler requires about the s m e  mechanical support 
t h a t  i s  necessary t o  s u c c e s s f a l y  handle a 1.80 Ib .  stream-gaging weight. 
The s a q l e r  i s  u e w l l y  suspended on a cable wound an a sounding r e e l .  
Reel mmtiuags s imilar  t o  those used for  stagem gaging are generally 
e ~ I s y e d .  The s a q I e r s  may be operated from a cable cad. suepended on 
a cable across "ee stseam t a t  the section t o  be sampled. The samplers 
a re  frequently used Prom a. bridge with some type of portable crane. 
Satisf%cLs%-g. Light-weight cellapsible c rmea  mounted on four-wheel 
bases are  available.  This t y p e  of' crane and base requires c s u n l e ~  
weighting fer s t a b i l i t y .  There a re   so cranes which are munted on 
CUB o r  ~ F U C ~ E  f o r  operation d i r ec t l y  from the rodway of a bridge. 

7. ==-The r e e l  must have a i e n t  capacity t o  handle 
the  mximm length of cable requir  should be no l e s s  than 
12 in .  i n  c i r c m e r e n c e  and a la rger  s i ze  is  desi rable .  The r e e l  should 
be equipped with a depth indicator  and it sh0ul.d have a comutator  t o  
simplify the e l e c t r i c a l  cormectisn t o  the insulated core of the  sw- 
pension cable. The "A" OK= "Bf' Lyye r e e l s  sf the U, S. Geological. Sur- 
vey are sa - t i~fac tea~y  f o r  most o f  the  work La be done with the  US P-46 
sampler, 

8. Cable--A LIB-in. s.tee$ cable with an insule;t;ed core i s  recom- 
mnded. The cable must be of suf f ic ien t  length t o  accommodate varying 
f i e l d  conditions and t o  reach the  bottom of any stream encountered. 
The 2/8-in, ELlsmrth reverse l ay  cable used by the  Ue S. CkologicaP 
Survey i s  generally sa t i s fac toryq  The s t e e l  cable should be securely 
fastened t o  the r ee l .  The i n s a a t e d  core sf the cable should be 
str ipped sf the outer s teel  shie ld  and comected Lo the  comutator  
r ing  on the r e e l  so  %hat an e lec t r ica l  c i r c u i t  m y  be made t h o u g h  the 
comutator  . 

9. Comector and hmger bar--The "sp i ra l  connector", "C" type 
hmger bar and hanger-bar pin  fo r  the  "50 C" sounding weight make s 
sa t i s fac tory  combinaLion f o r  connecting the cabbe t o  the  sampber. 
This cso2astitea"ces a mchanical ly  strong supporL and provides f o r  an 
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insulated e l e c t r i c a l  connection from the core of the suspension cable 
t o  the binding post on the sampler head cover. The hanger bar and pin 
f i t  the s l o t  and pin hole i n  the top of the body of the sampler, (see 
Fig. 1). The e l e c t r i c a l  connection from the core of the suspension 
cable t o  the terminal on the sampler head can be W e  with a short  
piece of insulated wire. I f  the s p i r a l  connector i s  insulated with a 
f ibe r  bushing, the insulation should be removed o r  shorted around t o  
provide a gr~und connection from the outside conductor of the awpen- 
sion cable through the hanger t o  the body of the  sampler. 

10. Voltage required--About 3100 Lo 125 f t .  of l /8- in .  suspension 
cable i s  generally used on the drum of the sounding ree l .  The r e s i s t -  
ance of the  insulated core of t h i s  cable should not exceed 8 ohm, and 
the resistance of the outside conductor of the cable should not exceed 
2 ohms. The resistance of the solenoid i n  the sampler valve mechanism 
should be about 12 ohms. A d i r ec t  current of approximately 48 vo l t s  
i s  recommended f o r  the operation of the sampler under these conditions. 
A longer suspension cable w i l l  require greater  voltage. 

11. Batteries--The following types and combination of ba t t e r i e s  
have been used and are  recommended t o  supply 48 vol t s  f o r  the operation 
of the US P-46 san3pler under normtil conditions: 

(1) Eight 6-volt lantern-type dry ba t te r ies  connected i n  
se r ies .  These ba t te r ies  are  l i g h t  i n  weight and w i l l  l a s t  a reasonably 
long time i f  careful ly  used. 

(2) Eight 6-volt dry bat te r ies  of the "Hot Shot" type 
connected i n  s e r i e s .  These uni ts  a re  heavier than the lantern ba t te r -  
i e s  but w i l l  Last longer. 

( 3 )  Storage ba t te r ies ,  i n  suf f ic ien t  numbers t o  supply 
48 vol ts  i n  se r ies .  These ba t te r ies  are r e l a t i ve ly  heavy and do not 
lend themselves readi ly  t o  transportation,  but they may be recharged 
when necessary. 

If the best  service i s  desired,  ba t t e r i e s  f o r  operating the sampler 
should never be allowed t o  discharge continuously f o r  more than a sec- 
ond o r  two at  a Liw. Furthermore, a continuous current through a 
solenoid may burn out the co i l .  Under normal sampling conditions, the  
lantern ba t t e r i e s  should l a s t  f o r  more than a week of steady sampling. 
However, they can be ruined i n  a few mownts on a short  curcui t .  
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Since 48 vol ts  m y  give a 8eriou8 shock under cer ta in  conditions, 
the operator s h o d 6  @md against  contact with l i v e  points i n  the 
e l e c t r i c a l  c i r c u i t ,  

%?a --The e l e c t r i c a l  switch 
s h o d 3  'be siwle and must mke a pos i t ive ,  sure contact when closed. 
The cwren t  must f low without interrupt ion u n t i l  the switch ie ,  opened 
again. A switch which a e s  a "wiping" contact is  preferable t o  one 
t h a t  m&ee a "tsuch" con-l;ac$, A momntwy push type switch, i n  which 
the cwren t  $$ow8 only while the switch button is  depressed, provides 
l e s s  oppsrtwaaity for  the cwren t  t o  be $ef t  on over excessively long 
periods of time. Bovis ion shodd  be M e  f o r  muntirag the switch i n  
a place convenienwL f o r  operation. 

1 3  e --An i n s a a t e d  wire 
should be used t o  comect one t e r ~ n a l  of %he ba t t e r i e s  t o  one terrminal 
of the switch, A second i n s d a t e d  wire shodd  be used t o  connect the 
other t e d u a a l  of the switch t o  the f r w  of the sounding ree l .  The 
other Ler@aa;Z of the ba t te r ies  should be eomected with an insulated 
wire t o  the c o m t a $ o s  on t h e  ree l .  

When the switch is closed, %he emren t  s h a m  flow a s  follows: From 
the battery to the 60 a to r ,  t b o w h  the co a t o r  t o  the insulated 
core sf the surjpeneriesn gable, throplgk t h i s  core; from the core through 
an i n s d a t e d  wire csmection t o  the biPeding post on the sampler head 
cover, th rowh the i n e ~ l a t e d  binding poet; f romthe  inner end of the  
b i n d i e  pest  i n  the saq le r  head cover ths%ngh an insulated wire t o  
the binding post on the solenoid, md t h o w h  the solenoid c o i l  to 
gsoud on the  inside of t he  solenoid case. Rote t ha t  t o  t h i s  point  
the e l e c t r i c i t y  follows an i a s a a t e d  path. The current returns t o  the 
ba t te r ies  through a gromd c i r c d t  ae follows: .From the solenoid case 
through the headless s e t  screw and solenoid bracket t o  the ample r  
head base and body, t b o w h  the hanger bar an t  s p i r a l  connector t o  the 
outer portion of the suspension cable, from the cable through the drum 
an& frme o f  the reel and from the r e e l  though the switch t o  the 
battery.  



14.  Care and handling--The US P-46 suspended-sedi~ent sampler i s  a 
moderately de l ica te  instrument which is designed f o r  preciae work. As 
such, it is e n t i t l e d  t o  ca re fu l  handling and conscientious eervicing. 
The cost  involved i n  producing and repairing the sampler and the nature 
of i ts  use require e f fec t ive  maintenance and accurate adjustments t o  
safeguard the investment and t o  accomplish the objectives of the work 
f o r  which it w a s  b u i l t .  

Reasonable care should be exercised a t  a l l  times t o  prevent damage 
t o  the  body, catch, hinge, intake nozzle, exhaust opening, binding post ,  
and t a i l  vmee of the sampler, The condition of the  intake nozzle, and 
especially of the  intake nozzle t i p ,  i e  of primary importance t o  the 
proper operation of the stuq$Ler. Therefore, extrelre care of the  nozzle 
i s  required. (The appearance of nozzles which have been returned f o r  
repa i r   indicate^ tha t  damnage frequently r e su l t s  from the  nozzle s t r i k -  
ing bridge r a i l s  and other  bridge members.) 

A sui table  box o r  cradle should be provided f o r  shipping o r  t rans-  
porting the sampler. The i n s t r m e n t  must be so crated o r  cradled t h a t  
it cannot r o l l  or  jar loose. The nozzle should be removed from the 
head of the sampler unless provision has been made t o  protect  it when 
i n  place. Protection s h o d d  be provided f o r  the a i r  exhaust port  on 
the  side of the s-ler head base. 

When the sssarpler i s  not i n  use, the ba t te r ies  should be disconnected, 
and the  valve spring should be unwound i n  those samplers having a 
spring. 

15. Care i n  dismantling and assembling--Work on the sampler should 
be c a r e f d l y  done, dare i s  required t o  avoid damge t o  threads, t o  
screw heads, and t o  f inished surfaces. The proper too ls  f o r  the job 
should always be used. Gaskets must be replaced a s  required. 

14 .  Replacement of par ts- - I f  pa r t s  are t o  be replaced, the new 
pa r t s  should be careful ly  made and properly f i t t e d .  The act ion of the  
sampler should always be t e s t ed  a f t e r  repairs  have been completed. 
& t a i l  drawings of pa r t s  are shown i n  ~ i g .  1 t o  8 inclusive.  

17. Inspection--Whenever the  sampler i s  taken apar t ,  a ca re fu l  in -  
spection should be mde of every exposed pa r t  of the instrument. A t  
l e a s t  once a week the head cover gaeket, the  bo t t l e  gasket, and the 
gasket i n  the  sir c o ~ r e s s i o n  l i n e  should be inspected. The sampler 



e h s d d  be imersed  wi th  t h e  valve in the closed posi t ion for a few 
minutes then inspected t o  d e t e r d n e  if any leakage i n t o  the bo t t l e  
caccwred. The smpler s&sla%d be obsemed as it lie withdrawn from the 
water t o  note any exce88i&~e! drainage of water from the  a i r  e o q r s e s i a n  
chamber. T h  presence s f  excessive water i s  generally an indication 
sf leakage i n  the air cowressisn l i n e .  The alignment of the  intake 
masage t h o w h  the valve plug with t h a t  t h m q h  the valve body should 
be checked frequently. 

PeriodicaUy, or  a"6;least a f t e r  each 6-week8 period of operation, 
the suspension cable ehodd  be inspected at each e x t r e d t y  f o r  signs 
of corrosion r e s d t i n g  fran electrs lyoie .  Serious weakening of the  
cable can occur at  the  lead-in t o  the  r e e l  o r  d c~~ and the hanger 
bar eomec"cor. The d a w e d  portion 0% the cable should be remved and 
new conne c'tions m e .  

18 -.-A% the  camleLion of a day of sampling, the  sampler 
head shod& be drained. If rwt has been a problem, the  removal of 
the  bed cover a d  the  drying a f  the  mchmism I s  recommended. 

The sampler ~hsuEd  be clemed and a i l e d  l i g h t l y  as of ten as neces- 
sary t o  prevent 4-ging corrosion. The frequency of cleaning depends 
on the  individual sawher ,  and on the  care it has been given. In the  
s a q l e r  having the  c%ocIc-t~g?e-spring mehanism, the  pa r t s  rnoet suscep- 
t i b l e  Lo rug% are  the  solenoid case and the  solenoid plunger. Sam 
rust on the sole%~o$d case does no harm; however, frequent o i l i ng  and 
occasional painting are recornended t o  keep such corrosjlon t o  a mini- 
m Rust on the  solenoid p l w e r  is  ae r iow,  and i f  it occurs i n  
appreciable ~uant i t teea  t h i s  deposit w i l l  prevent operation of the  
s w l e r .  Under my c i r c m t a n c e s  of owrat ion,  the  s q l e r  requires 
cleaning and a i l ing  a% leatst once a week. 

The bore of the nozzle and "f;e i n t e e  passage throwh the  valve body 
8hoad  be Pndspected and cleaned f reqmnt ly .  Special  a t t en t ion  should 
be given t o  cleaning the  solenoid bore and plunger. 

19 . --ALP operating parts, 
together with aw other  parts which tend t o  rus t ,  should be carefu;lly 
dr ied mdb lightly oiled each ti= the head cove r - i s  removed or  at 
l e a s t  once a week. The disassembly of tkne  r a tche t ,  valve plug, e t c ,  
skaoad not be aecessary fo r  EE routine e l e r t n i ~  ana o i l ing .  

menever a sawler i s  not t o  be used far a few days, the head cover 
s%lae%l{ be remved, md the s a m l e r  he& md p m t ~  should be &ied 
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carefully.  A l i g h t  coating of o i l  should be applied, and the head 
should be s tored where dust will not accumulate on it. 
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20. To remove the  sampler head cover--To remove the  sampler head 
cover, first remve the  forward hinge pin  (~46-15~). Refer t o  I"lg. 1 
t o  8 inc lus ive  f o r  part numbers. Take off the  catch (~46-8)) by se- 
moving the  catch pin  (~46-9), and l i f t i n g  out the  catch m d  catch 
spring (~46-10). For samplers having the  clock-type-spring mechanism, 
take out  the socket screw (~46-49) and w i n d  the  valve spr ing,  Remove 
the intdce nozzle nut (~46-12), then the  intake nozzle ( ~ 4 6 - u ) .  Next 
lossen sl ightly.  $he in. machine screws (~46-34) which hold the  
head cover (~46-2) on the  head base (&6-31, then remove them a l l .  
&ntLy remove the  head cover from the  head base, This may require  a 
l i t t l e  patience, as the  clearance between the  head cover and some s f  
the  p a r t s  mowted on the h e a  base is very sm1l. The solenoid plung- 
e r  m y  f a l l  out when the  cover i s  remved.  There is  a comect ing wise 
betweem the l m e s  end of the binding poet (~46-33) i n  the head cover 
and the solenoid. The head cover s h o d d  be c w e f u U y  handled until 
t h i s  wire bas been discowdected. 

21, To replace %he s a q l e r  head caves--!?he act ion of the  sampler 
valve an2 e sc~~e-ted. i m e d i a t e l y  p r i o r  t o  replacing 
the  head cover on the  head base a f t e r  cleaning and repa i r s  have been 
accomplished. A c ~ r r e n t  sf about 24 vo l t s  i s  best  f o r  t e s t i n g  a t  t h i s  
t i m e  To t e s t  the clock-tne-sprinag meckamism, m e  wire from the  bat- 
t e r i e s  should h g o u d e d  on the head base, the  valve spring wound, 
the  head base held i n  apprsx imte ly  t he  posi t ion i n  which it would be 
fomd i n  sampling and the p3.unger properly er iented i n  the esjlenoid 
bore. Then touch %he other wire from the  ba t t e r i e s  t o  the  binding 
post i n  the valve body o r  t o  the  end of the wire om the solenoid. 
Each " s ~ e  the  bat tery  wire rmakes contact ,  the  vslve plug shsuJhd "in 
one-third sf a revobutinn. 

klftes the  ac t ion  of $he valve mechanism has been checked and found 
t o  be s a t i s f a c t s q ,  the head cover m y  be replaced using the  following 
procedure. Wind the valve spring i f  the  sampler i s  of the  type which 
has t h i s  spring.  Attach the  \sire which connec.ts; the  solenoid to t h e  
binding post in the head cover. Dispose t h i s  wire i n  the  head coves 
so t h a t  it w i l l  not i n t e r f e r e  with any sf the moving pa r t s .  Work t he  
head cover gently i n t o  place on the  heed base. When the  head cover 
ira in place,  it skdodki be held loosely  with "ee nine i n .  machine 
screws. A l l  of $he &;cre~( .~s  should be started and t u n e d  loosely i n t o  
place but not  t ightened.  The In t~ l ce  nozzle m y  be assembled next .  
The nozzle gasket ~ h s u l d  be placed wound the  nozzle near the  niddle.  
Then the  nozzle m y  be inser ted  t k o u g h  the  hole i n  the  head cover and 



screwed i n to  the valve body. The nozzle m u s t  be turned down snugly, 
but never forced i n to  place. The nozzle nut m y  be placed aver  the  
nozzle and tightened down on t he  nozzle gasket. The nine screws hold- 
ing the  head cover on the  head base should now be turned down firmly,  
but not forced too t i g h t l y .  

Final ly  the catch should be reassembled, and the sampler head r e -  
at tached t o  the  hinge. The sampler spr ing should be unwound i f  the  
sampler i s  not t o  be used imiediately.  The socket screw ahould be re- 
placed,  noting espec ia l ly  tha-t the  socket screw gasket (~46 -13 )  i s  i n  
p lace  and i n  gacd condition. The face  of the  socket scretr should end 
up f l u sh  with the outside of the  head cover tand with t h e  gasket wel l  
compressed. 

The act ion of the  sampler valve and e s c a p e ~ e n t  should be t e s t ed  
again a f t e r  assembly, using the procedure given above. For the  sampler 
having the  clock-tylpe spr ing the  c i r c u i t  should now be completed by 
touching the wire from the  ba t t e ry  t o  the  binding post i n  the  head 
cover. Failure of operation at  t h i s  point  may be due t o  t rouble  a t  
the  binding post i n  the head cover, t o  poor wiring between t he  binding 
post  and the  eolenoid, l o s s  of the  solenoid plunger, o r  t o  t he  binding 
of some pa r t  of the  operating ~echaniem agains t  the  heed cover. 

22. To replace a plunger-type solenoid--To rercove the plunger-type 
solenoid,  first disconnect the  wire t o  the  solenoid binding pas t .  Then 
renove t h e  ttro screws (~46-34 )  trhich hold the  solenoid bracke.t; and re- 
move the  solenoid bracket ( ~ 4 6 - 3 1 )  and the solenoid. The solenoid m y  
be freed from the bracket by loosening the  headless s e t  screw (~46-$1). 
The solenoid plunger (~46 -32 )  l i e s  locsely  i n  the  solenoid end may f a l l  
out any t i n e  a f t e r  removal of the  head cover. 

To assemble the  solenoid un i t ,  place the  solenoid bracket over the  
solenoid i n  such a way t h a t  when the  bracket is  attached t o  the  head 
base, the  binding post on the  solenoid w i l l  point  upward toward the  
valve body. Next secure the  bracket l i g h t l y  t o  the head base with the  
ttro machine screws ( ~ 4 6 - 3 5 ) ,  Then, i f  t he  solenoid plunger and core 
a r e  c lean ,  the  plunger nay be sl ipped i n t o  place. With the  escapemnt 
a l l  the  way down i n  f ron t  of the  ra tche t  tooth,  center  the  solenoid 
plunger i n  the solenoid. Move the  solenoid u n t i l  the  plunger points  
toward the  bottom of the  lover  arm of the  escapercent. The upper end 
of the  solenoid plunges should be about 1/32 i n .  away from the lower 
p a r t  of t he  escapement. Then t igh ten  the  bracket screws s u f f i c i e n t l y  
to hold the solenoid l i g h t l y  i n  place and t igh ten  the  headless s e t  
screw (~46-51)  s l i gh t l y .  
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Recheck the pos i t ion  of the  solenoid. With t he  escapemnt held 
f u l l y  down i n  f ron t  of a ra tche t  tooth,  energize t he  solenoid by con- 
necting about 24 v o l t s  of d i r e c t  current  t o  the  binding post  wire on 
the  solenoid and t o  t he  head base o r  solenoid bracket. The solenoid 
case must be grounded t o  the  head base i n  order t o  complete the e lec -  
t r i c  c i r c u i t .  The headless s e t  screw w i l l  generally make a satis- 
factory  ground connection providing it penetra tes  any paint  o r  o ther  
insu la t ing  coating on the  solenoid case.  The current  w i l l  cause the 
solenoid plunger t o  cen te r  i t s e l f  i n  the  solenoid. In  t h i s  pos i t ion  
there  should be a space of about 1/32 i n .  between t he  upper end of 
the  plunger and the  lower s ide  of the  escapement, otherwise, during 
operation, the  escapement may sk ip  pas t  some of t he  valve posi t ions .  

In  soae samplers the re  is  an independent e l e c t r i c a l  binding post 
i n s t a l l ed  i n  the  valve body. In  these samplers the  wire from the  
binding post of the  solenoid should now be! connected t o  the  lower end 
of the independent binding post .  

The solenoid binding post  must c l e a r  the  escapement, t he  valve 
spring,  and the valve body. If an uninsulated por t ion of the  binding 
post o r  of  the connecting wire can touch o ther  p a r t s  of the  sampler, 
an e l e c t r i c a l  shor t  c i r c u i t  t r i l l  r e s u l t .  When a11 requirements of 
pos i t ion  and clearance a r e  f u l f i l l e d ,  the  bracket screws and the  head- 
l e s s  s e t  screw may be t ightened down snugly. The clearance should 
then be rechecked and corrected i f  necessary. 

23. To remove and replace the clock-type valve spring--The clock- 
type valve spring (P46-20) may be disassembled by removing the valve- 
spring-guide screw ( ~ 4 6  -22) and the  valve -spring guide (~46 -21 )  . Next 
the  valve spring may be worked of f  af the  valve r a t che t  and out  of the  
spring stud ( ~46 -36 ) .  Then the second valve-spring guide (~46 -49 )  may 
be removed. 

The valve spring un i t  i s  reassembled a s  follows: The valve-spring 
guide (~46 -49 )  should be placed over the  cy l i nd r i ca l  por t ion of the  
valve ra tche t  (see Sect ion A-A i n  Fig. 2 ) .  Then xrhiLe facing the  ra tche t  
end of the  valve plug, place the  valve spring i n  the  posi t ion shown i n  
Fig. 3. The shor t  bent sect ion a t  the  inner end of the  spr ing must be 
f i t t e d  i n to  the spring s l o t  a s  shown i n  the  view of the  valve ra tche t  
i n  Fig. 3. In  order t o  s l i d e  the  inner c o i l  of the  spr ing over the  
cy l i nd r i ca l  sect ion of the  valve ra tche t ,  the  c o i l  may have t o  be 
spread somewhat. This is accomplished by i n se r t i ng  thin-nosed p l i e r s  
ins ide  the  c o i l  and opening the jaws, thus forc ing the  c o i l  outward. 
With the  c o i l  spread i n  t h i s  manner, it may be held at  t he  end of t he  
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valve ra tche t  and worked i n to  place.  The valve-spring stud should be 
screwed i n to  the  valve body as f a r  a s  poss ible  but with the  s l o t  i n  
the  stud turned i n  posi t ion t o  receive the  spr ing.  The ou te r  end of 
the spring may be slipped i n to  the  s l o t  i n  the  stud with the  bent 
sect ion a t  the end of the  spring ly ing  beyond, but agains t ,  the  far 
s ide  of the  s tud.  Winding up the spring s l i g h t l y  by hmd w i l l  USUfilly 

a i d  in placing the  ou te r  end of the  sgring.  The outer  face  of the  
spring c o i l  should then be covered with the  o ther  valve-spring guide 
and the guide should be secured snugly i n  place with the valve-spring- 
guide screw. 

24. --After the  valve spring 
and guides have been removed as discussed i n  Section 23, the  escape- 
ment (~46 -26 )  m y  be disassembled by f i r s t  r emving  the  e s c a p e ~ n t -  
p in  nut ( ~ 4 6 - 2 5 )  and the  escapercent pin ( ~ 4 6 - 2 7 ) .  Then the  escapemnt 
w i l l  be freed from the  valve body ( ~ 4 6 - 4 8 ) .  To assemble, hold the 
escapement i n  the  posi t ion shown i n  Section B-B of Fig. 2 and i n s e r t  
the  escapement p in .  The escapement p in  should be tightened firmly i n  
place by means of the escapeaent-pin nut ( ~ 4 6 - 2 5 ) .  

A new escapement w i l l  have t o  be individual ly  f i t t e d  t o  the  sampler. 
The upper am of the  escapercent must be f i l e d  o r  ground down t o  the  
precise  length required t o  give perfect  a l i g m e n t  of the  intake passage 
through the valve plug, when the  valve i s  i n  the  sampling posi t ion.  In 
addit ion,  the face  of the  upper arm of the  escapemnt must be f in ished 
o f f  smoothly and shaped a s  shown i n  Fig. 3. 

25. To remove and i n s t a l l  the  ratchet--The valve ra tche t  (~46 -46 )  
may be slipped o f f  of the  valve plug a f t e r  the  valve spring i s  removed 
as discussed i n  Section 23. 

The valve ra tche t  may be assembled as follows: The open posi t ion 
of the  valve plug, the posi t ion f o r  taking a sample, can be found by 
blowing i n to  the  exhaust por t ,  and ro t a t i ng  the  valve plug u n t i l  the  
posi t ion i s  found f o r  which a i r  comes out of  the  a i r  passage t o  the  
bo t t l e .  Naintain t h i s  sampling posi t ion ca re fu l ly  while the  valve 
ra tche t  i s  placed on the  valve plug. The tooth  s ide  of the  ra tche t  
goes on first, next t o  the  valve body. There a r e  four  posi t ions  i n  
which the valve ra tche t  can be i n s t a l l ed  on the square shank of the  
valve plug. There i s  only one correct  posi t ion,  however. The cor rec t  
posi t ion is such t h a t  one of the  ra tche t  t e e t h  c o w s  f l u sh  with the  
end of the  upper a r m  of the  escapement when the  valve passage is  i n  
a l i gmen t  f o r  taking a sample. There i s  no other  s a t i s f ac to ry  assembly 
posi t ion f o r  the  r a t che t .  If placed i n  an incor rec t  posi t ion,  s o m  
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f reakish  samples may r e s u l t .  In  general ,  incorrect  assembly of the 
ra tche t  w i l l  r e s u l t  i n  an i n su f f i c i en t  sample. Index marks on t he  
ra tche t  and valve plug of most of these instruments indicate  t h e  
proper ra tche t  posit ion,  however these  marks should be checked for  
correctness.  

If a new ra tche t  is being i n s t a l l e d ,  the  length of the escapement 
arm must be made t o  f i t  the  r a t c h e t ,  so  t h a t  the  alignment of t h e  i n -  
take passage w i l l  be perfect  when t h e  valve plug i s  i n  the sampling 
posit ion.  The e n t i r e  operating mechanism i n  the  head of the  sampler 
should be avai lable  t o  the machinist who i s  to mke replacement p a r t s  
or  i n s t a l l  them. 

26. To remove and replace the  valve plug--To remove the  valve plug 
( ~ 4 6 - 1 9 )  from the valve body, f i r s t  unwind the  valve spring then re -  
move the  valve nut ( ~ 4 6 - 2 4 ) .  Then t he  valve plug (with the  valve 
ra tchet  and valve spring at tached) may be worked out of the  valve body. 
Some of the  valve nuts a re  equipped with a small s e t  screw f o r  locking 
the nut i n  place.  Such a s e t  screw should be loosened before attempt- 
ing t o  remove the  valve nut .  

Before assembly, the  valve plug and the  ba r r e l  i n  the  valve body 
should be ca re fu l ly  wiped with a clean c lo th .  Both should be covered 
with a good grade clock o i l  o r  o ther  l i g h t  o i l ,  assembled loosely ,  and 
the valve plug should be ro ta ted  a few turns. This procedure should 
be repeated u n t i l  wiping no longer smudges the  c loth .  Extrerru: care  
should be used t o  keep sand out of  the valve bar re l .  A l l  valve p a r t s  
must be ca re fu l ly  cleaned before assembly. 

Before beginning assembly, the t h ru s t  c o l l a r  (~46 -42 )  should be 
so l i d ly  i n  place on the  valve (see Section A-A on Fig. 2 ) .  If the  
c o l l a r  i s  ever found loose on the  valve plug, it should be t ightened 
i n  place i n  the posi t ion shown i n  Section A-A. The mater ia l  i n  the  
valve plug may be expanded agains t  the  c o l l a r  by ca re fu l  use of a 
punch. With the  t h r m t  c o l l a r  f i rmly i n  place on the  valve plug, the  
valve washes (~46 -23 )  is bopped over the  end of the  valve plug so  
t ha t  it r e s t s  agains t  the  t h ru s t  c o l l a r  as shown i n  Section A-A. The 
valve may then be inser ted  i n  the  valve body receiver ,  

The c lean valve nut (~46-24)  is screwed onto the  valve plug u n t i l  
the valve washer i s  drawn nearly t i g h t  against  the  valve body. There 
should be j u s t  enough end play i n  the  valve plug so t h a t  movement can 
be f e l t  when the  plug is  pushed from s ide  t o  s ide  i n  the ba r r e l .  The 
valve should now be turned so that; the  intake passage i n  t he  valve 
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plug Lines up with the  passage i n  the  valve body. The a l i g m n t  of 
the passages, which should be perfect ,  can be observed by mav i~g  the 
valve plug from s ide t o  side i n  the  valve body. If the  valve nut 
has not drawn the valve plug qui te  f a r  enough t o  provide the  best  
alignment, the nut may be tightened a very small amount then backed 
off again t o  improve the  alignment of the valve passage and s t i l l  
allow the required clearance. If the nut appears t o  have drawn the  
valve plug too f a r ,  it may be necessary t o  correct  the  placement of 
the  thrust co l l a r  on .the valve plug. As a l a s t  r e so r t ,  the alignment 
of the  valve passage may be improved by replacing the valve washer 
with one of the pr0p.m $hickness. Failure t o  ro t a t e  f r ee ly  m y  mean 
t h a t  there  is  d i r t  i n  the assembly, t h a t  the valve nut i s  too t i g h t ,  
o r  t h a t  pa r t s  have been damaged, Qlce proper adjustment of the valve 
nut has been made, the nut must hold t h a t  posit ion.  A l l  valve nuts 
a r e  lock nuts and s m  have been equipped with a No. 8 s t a in l e s s - s t ee l  
s e t  screw t o  hold the nut i n  place. An Allen wrench should be ava i l -  
able f o r  tightening t h i s  s e t  screw when the  valve nut has been placed 
i n  f i n a l  assembled posi t ion.  If there  is  no cot ter-pin  o r  s e t  screw 
on the  valve nut one should be in s t a l l ed  i f  the  nut does not remain 
i n  place. 
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V I .  ADJUSTMENT A.IiD REPAIR OF THE US P-46 SAMPLER 
AND AUXILIARY EQUIPMENT 

27. General--Difficulties which m y  be experienced i n  the  operation 
of t h i s  US sampler, t h e i r  detection,  cause and remedy a r e  discussed 
i n  t h i s  section.  The major d i f f i c u l t i e s  are: (1) improper s i ze  of 
sample ( 2 )  e l e c t r i c a l  c i r c u i t  t roubles ,  (3) valve wchanism troubles 
and (4 )  water i n  sampler head. 

This discussion appl ies  spec i f i ca l ly  t o  the  sampler having the  
clock-type spring-driven valve. However, many p a r t s  of the  discussion 
a r e  a l so  applicable t o  t he  sampler having the  ro ta ry  solenoid. A thor-  
ough knowledge of the  instrument w i l l  be most helpful  i n  analyzing and 
remedying the d i f f i c u l t i e s  vhich may a r i s e  i n  i t s  operation. 

28. Testing f o r  type and source of difficulty--Whenever the opera- 
t i on  of the sampler becones questionable the  following simple t e s t s  
should quickly determine the  general nature;  source and location of 
the  trouble. 

a.  Check s i ze  of sample. The f i r s t  indicat ion t ha t  the  
sampler is  not operating properly may be i ts  f a i l u r e  t o  obtain a sam- 
p l e  o r  one of proper s i z e .  A sample of proper s i z e  f i l l s  a p in t  milk 
bo t t l e  4 t o  5 inches from the  bottom o r  t o  about t he  center of the 
tapered portion. Inspection w i l l  show whether a sample is  of proper 
s i z e .  The operator should be a l e r t  a t  a l l  tirces t o  de tec t  any samples 
of improper s ize .  Discussion of the  causes of improper s i z e  of samples 
w i l l  be found i n  Section 29. 

b. Tests f o r  e l e c t r i c a l  c i r c u i t  t roubles.  The e l e c t r i c a l  
c i r c u i t  includes the  ba t t e r i e s ,  switch, commutator on the  r ee l ,  sua- 
pension cable with insula ted inner core conductor, cable connector 
and hanger bas, binding post  on sampler head, solenoid i n  sampler 
head and shor t  lengths of insulated wire which connect various e l e -  
ments of the system. The e l e c t r i c a l  c i r c u i t  w i l l  be the  source of 
many troubles unless it i s  well constructed and care fu l ly  maintained. 

To determine whether the  e l e c t r i c a l  trouble i s  ins ide  the  sampler 
head o r  outside the  sampler head, the  following t e s t s  should be made: 

(1) Check movement of solenoid plunger. It should be 
possible t o  hear o r  f e e l  the  impact of the  solenoid plunger from the  
outside of the  sampler head. When the  sampler i s  assembled, the spring 
wound, and the  instrument i n  posi t ion f o r  operation, t e s t s  f o r  motion 
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of the  plunger may be made by rapidly  c los ing and opening the  switch 
several  times and a t  the s m e  t i x e  l i s t e n i n g  o r  fee l ing  f o r  the  impact 
of the  plunger. I f  a t  any tirce the  impact of the  plunger cannot be 
e i t h e r  heard o r  f e l t  a t  the  outside of t he  head cover, the  sampler 
ac t ion should be t e s t ed  fu r t he r  by using a source of about 24 v o l t s  of 
d i r e c t  current  connected d i r e c t l y  t o  the  sampler head with shor t  wires 
r a t he r  than through the  c i r c u i t  of the  suspension cable and commutator 
on the  r e e l .  

( 2 )  Trouble i n  c i r c u i t  outs ide  sampler head. Operation 
of the  solenoid plunger with the b a t t e r i e s  connected d i r e c t l y  t o  the  
sampler head, as discussed i n  the  preceding paragraph, but f a i l u r e  t o  
operate when connected through the  operating c i r c u i t ,  indicates  t rouble  
i n  the  c i r c u i t  outside the s a q l e r  head. For discussion of t roubles  i n  
the  c i r c u i t  outside the sampler head see Section 30. 

(3) Trouble i n  sampler head. I f  the re  i s  no audible 
~ovement of the  plunger when the b a t t e r i e s  a r e  connected d i r e c t l y  t o  
the  sampler head i n  the above t e s t ,  the t rouble  may be with the 
e l e c t r i c a l  system ins ide  the  sampler head, including the solenoid, as 
discussed i n  Section 31, Or the  plunger may not  Eove f r ee ly  as d i s -  
cussed i n  the  following paragraph. 

c .  Check f o r  f r e e  movement of solenoid plunger. I f  the re  is  
no audible impact when the sampler head i s  d i r e c t l y  connected t o  the  
source of current ,  the  next t e s t  should be t o  deteEmine whether the  
solenoid plunger w i l l  move f ree ly .  This t e s t  i s  made by turning the  
head of the  sampler upside down a few times and l i s t e n i n g  f o r  the  f r e e  
f a l l  of the  solenoid plunger. A s  the  head is  turned over, with the  
valve spring a t  l e a s t  pa r t l y  wound, the  s l i d i n g  of the  plunger should 
give an impact t h a t  may be both f e l t  and heard. 

I f  the  plunger does not  s l i d e  f r e e ly  as shown by t h i a  t e s t  see  
Section 32a. 

When the  plunger does s l i d e  f r e e ly  a s  t he  sampler head i s  turned 
over, the  t rouble  m y  be with the  e l e c t r i c a l  system ins ide  the  sampler 
head and fu r the r  inspection and t e s t s  should be made as discussed i n  
Section 31. 

d .  Check ro t a t i on  of valve plug. There may be times when 
the  plunger s t r i k e s  the  escapement, but t he  operation of the  sampler 
valve i s  s t i l l  inadequate. To inspect  the  ro t a t i on  of the  valve plug, 
remove the  socket screw from the  winding hole i n  the  sampler head 
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. cover and i n s e r t  the socket screw wrench i n  t he  recess  i n  the  valve 
plug. Check the  operation of the  valve by watching the  wrench as the  
e l e c t r i c a l  c i r c u i t  is  ~ a d e  and broken. A t  each closure of the  c i r c u i t ,  
the valve plug should t u rn  1/3 revolution.  Check the  operation of the 
valve with vaxying degrees of tens ion i n  the valve spring.  I f  the  
valve does not always ro t a t e  when the c i r c u i t  i s  closed, but the  plung- 
e r  can be heard t o  operate,  see Section 32. 

The sampler valve may r o t a t e  each tine the c i r c u i t  is  closed but m y  
tu rn  xore than 1/3 of a revolution t o  sk ip  pas t  soEe posit ions.  For a 
discussion of t h i s  d i f f i c u l t y  see  Section 33. 

29. Improper s i z e  of sample--Ahnost any defect  i n  the  sampler o r  
i ts  operation w i l l  give a sample of improper s i ze .  Therefore, the  
operator of the  sampler should be on the  a l e r t  t o  de tec t  samples which 
are out of proportion t o  the stream ve loc i ty  and sampling t i n e ;  re- 
membering t h a t  i f  the  sampler d r i f t s  downstream during sampling, the  
ac tua l  veloci ty  at the intake nozzle i s  reduced by the  r a t e  of  down- 
stream d r i f t .  See Section 52 f o r  e f f e c t  of  downstream d r i f t  of the  
sampler. The defects  i n  s i z e  of sample and soEe of the  probable causes 
a re  as follows : 

a. No sample. If no sample i s  obtained, the  cause may be as 
follows : 

(1) Sampler valve incor rec t ly  s e t .  An incorrect  pos i t ion  
of the valve p r i o r  t o  sampling is  a common cause of t rouble .  The valve 
has three posi t ions  i n  the  following order:  ( a )  pressure equalizing,  
( b )  sampling, and ( c )  closed,  The pos i t ion  of the  valve nust  be known 
and must be correct  before the sampler is lowered t o  the  sampling point .  
For example, i f  the  valve i s  i n  the  closed posi t ion when the sampler is  
lowered t o  the bottom of the  stream i n  preparation f o r  depth i n t eg ra t -  
ing from the  bottom Co the  surface,  then pressing the  switch button 
once w i l l  s e t  the valve i n  the  equalizing posi t ion and no sample w i l l  
be taken as the samples i s  ra i sed  t o  t he  surface.  

(2) Sampler valve f a i l s  Lo t u rn .  If the  valve fails t o  
t u rn  t o  the  open posi t ion,  no sample w i l l  be taken. Fai lure  of t h e  
valve t o  t u rn  my be due t o  t rouble  with come p a r t  of the  valve operat-  
ing ~echaniem which includes ( a )  the  e l e c t r i c a l  c i r c u i t ,  ( b )  solenoid 
plunger, ( c )  solenoid c o i l ,  (d )  r a t che t  and escapement, ( e )  valve 
dr iv ing spring,  and ( f )  valve plug. These troubles a r e  d iscussedi in  
Section 30, 31, and 32. 
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( 3) Sampler valve sk ips .  The sampler valve may s k i p  
past the  open pos i t ion  and so  f a i l  t o  c o l l e c t  any sample. This skip-  
ping may be caused by a rcechanical d e f e c t ,  m l a d j u s t m n t  o f  the  mchan- 
i s m ;  o r  by improper opera t ion  of the  e l e c t r i c a l  c i r c u i t  a s  diecussed i n  
Section 33, 

(4)  Intake nozzle plugged. I f  the  nozzle o r  in take  l i n e  
i s  completely plugged wi th  mud o r  sand, no sample w i l l  be obtained. 

( 5 )  No stream ve loc i ty .  These samplers w i l l  usual ly 
operate i n  a pool i n  which the re  i s  l i t t l e  o r  no stream ve loc i ty ,  but 
the re  m y  be occasional  ins tances  when no saaple w i l l  be co l l ec ted .  
The d i f f e r e n t i a l  pressure  caused by the  d i f fe rence  i n  e l eva t ion  be- 
tween the  in take  nozzle and a i r  exhaust p o r t  may not  be s u f f i c i e n t  t o  
cause f i l l i n g  i n  s t i l l  water.  

b.  I n s u f f i c i e n t  v o l ~  of sauiple may be caused by the  
following : 

(1) Sampler valve i n c o r r e c t l y  s e t  before sampling was 
s t a r t e d .  IS the  sampler valve i s  s e t  i n  the  wrong s t a r t i n g  pos i t ion ,  
f o r  example, if it i s  set i n  t h e  open p o s i t i o n ,  the  sample will be 
taken during the  i n t e r v a l  of t im  t h a t  the  sampler i s  being lowered t o  
the  sampling po in t ,  and the  r e s u l t  probably w i l l  be a sample of  i n -  
s u f f i c i e n t  s i z e .  

( 2 )  Sampler valve f a i l s  t o  t u r n .  The sampler valve may 
not t u r n  the  f i r s t  t im  the  switch is  closed t o  r o t a t e  the  valve from 
the  equal iz ing  t o  the  sampling pos i t ion  but  may t u r n  the  second time 
the  switch i s  c losed ,  thus  p lac ing the  valve i n  t h e  sampling p o s i t i o n  
r a t h e r  than the  closed p o s i t i o n  a s  intended. The a c t u a l  time of sam- 
p l ing  then extends from t h e  second c los ing of  the  switch u n t i l  the  
sampler emerges from t h e  water .  If t h i s  a c t u a l  time o f  sampling was 
s h o r t e r  than the  intended t i m e  of sampling, the  sample would be unex- 
pectedly small. Fa i lu re  of  the  valve t o  t u r n  may be caused by some 
mechanical o r  e l e c t r i c a l  t roub le  as discussed i n  Sect ions  30, 31 and 32. 

(3 )  Sampler valve sk ips .  If the  sampler valve sk ips  
pas t  the  open pos i t ion ,  it m y  not take a sample dur ing  the  intended 
sampling time. When t h e  switch is  closed a second t i m e ,  t he  valve may 
s k i p  t o  the  open p o s i t i o n  and thus sample only while the  sampler is  
being returned t o  the  water surface ,  thus  obtaining an  i n s u f f i c i e n t  
sample. Skipping of the  va1,re may be caused by some mechanical o r  
e l e c t r i c a l  t rouble  as discussed i n  Sect ion  33. 
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( 4 )  Intake not fuLly open. Poor alignment of t h e  pas- 
sage through t h e  valve plug with t h a t  through the  valve body may cause 
p a r t i a l  obs t ruct ion of the  intake passage and result i n  an i n s u f f i c i e n t  
sample. Nud o r  debr i s  i n  the  intake passage w i l l  have the  s a w  e f f e c t .  
Damage t o  the in take  nozzle may c o n s t r i c t  t h e  in take  passage. 

( 5 )  Debris on end of  nozzle. Under c e r t a i n  condit ions 
of debr is  movement i n  streams, i n s u f f i c i e n t  samples may be obtained 
because f i n e  d r i f t  lodged on the  end of the  in take  nozzle. S o m t i w s  
t h i s  mater ia l  rcay be found on the  end of t h e  nozzle when the  sampler 
is  r a ~ s e d  f o r  emptying. Pany tixxes the  d e b r i s  v i l l  have vanished by 
the  t i ~ e  it is  poss ib le  t o  inspect  the  sampler I n  any case ,  the  
undersized samples a r e  not r e l i a b l e .  

(6 )  A l r  exhaust l i n e  plugged The a i r  exhaust l i n e  may 
be obstructed with mud o r  it may be p a r t i a l l y  closed by having been 
bent o r  othemiise damaged thus r e s u l t i n g  i n  an i n s u f f i c i e n t  sample. 
A plugged l i n e  m y  genera l ly  be cleaned with compressed a i r ,  but 
mechanical means of cleaning may be necessary. 

(7) No ve loc i ty  of flow. These samplers w i l l  usual ly  
operate i n  a pool  i n  which the re  is  no ve loc i ty  of flow but the  sample 
is  collected very slowly, r e s u l t i n g  i n  an i n s u f f i c i e n t  sample. 

c .  Excessive v o l w e  of sample o r  o v e r f i l l i n g  of the  b o t t l e  
may be caused by the  following. 

( 1 )  Sampler valve incor rec t ly  set before sampling was 
s t a r t e d .  I f  the  sampler valve was s e t  i n  an  incor rec t  pos i t ion  p r i o r  
t o  sampling, the  sample may be excessive because t h e  sampling time 
was longer than intended. 

( 2 )  Sampler valve f a i l s  t o  t u r n .  A comon cause of too  
large  a sample i s  f a i l u r e  of the  sampler valve Lo c lose  a t  the  end of 
t h e  proper sampling time. This may be caused by some mechanical o r  
e l e c t r i c a l  t rouble  a s  discussed i n  Sections 30, 31 and 32. 

( 3 )  Sampler valve sk ips .  A s  discussed i n  Section 33, 
the  sampler valve may sk ip  pos i t ions  so  t h a t  it i s  i n  the  open 
posi t ion  a t  t ims o ther  than the  intended sampling t i m e ,  thus taking 
an excessively l a r g e  sample. 

(4) Pressure equalizing system not operat ing properly.  
One posi t ion  of the  valve allows the  pressure i n  the  sample b o t t l e  t o  
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equal ize  with the  hydros ta t ic  pressure outs ide  the  intake nozzle. If 
t h e  pressure i s  not equalized, the re  i s  an i n i t i a l  inrush of water 
when the  valve i s  opened t o  the  sampling position. This i n i t i a l  i n -  
rush may cause overfi lZing of the  sample b o t t l e .  The severa l  condi- 
t i o n s  vrhich m y  cause the  system t o  f a i l  t o  operate a r e  a s  fol lows:  
( a )  t h e  valve m y  s k i p ,  (b )  the  two in take  holes under the  sampler 
body f o r  the  equal iz ing chamber may be ofistructed ( c )  the  equal iz ing 
chamber m y  be f u l l  of mud o r  sand, (d )  t h e  a i r  l i n e s  may l e a k ,  o r ,  
( e )  the  gasket on the  a i r  l i n e  system between t h e  body of the sampler 
and the  head base may be f a u l t y .  

( 5 )  Bot t le  gasket not sea l ing  properly.  A de fec t ive  
b o t t l e  gasket ,  o r  a weak b o t t l e  spr ing,  may result i n  a poor s e a l  
around t h e  t o p  of the  sample b o t t l e .  This may permit water t o  leak 
i n  around the  top sf the  b o t t l e  r e s u l t i n g  i n  too l a rge  a saqple.  

30. E l e c t r i c a l  c i r c u i t  t roubles  outs ide  sampler head--If the  sole-  .- 
noid plunger f a i l s  t o  i s  connected 
through the  operat ing c i r c u i t  and suspension cable but operates when a 
current  of 24 v o l t s  i s  connected d i r e c t l y  t o  the  sampler head, t h e  
t rouble  Eay be i n  the  ba t t e ry  o r  the  operat ing c i r c u i t .  Tests  t o  
loca te  t h i s  t rouble  a r e  discussed i n  t h e  following paragraphs. 

a .  Check f o r  open o r  shor t  c i r c u i t .  There a r e  two types of 
c i r c u i t  f a i l  and ( b )  shorted o r  
grounded c i r c u i t .  

( 1 )  Broken c i r c u i t .  When t h e r e  is  a break i n  the  c i r -  
c u i t  and the  connection i s  made and broken a t  a ba t t e ry  terminal ,  no 
spark w i l l  r e s i l t .  A weak sparlr w i l l  i nd ica te  a we& ba t t e ry  ( s e e  
Section 30b) o r  an i n e f f i c i e n t  c i r c u i t  ( s e e  Section 30f). A n o r m 1  
c i r c u i t  through the  solenoid w i l l  give a good spark a t  the  terminal  
and a shor t  c i r c u i t  w i l l  give a hot apark. When an open c i r c u i t  i s  
indicated ,  inspection should be made looking espec ia l ly  f o r  d i s -  
connected o r  loose wires a t  terminals ,  o r  broken wires including t h e  
conductor i n  the  core of the  suspension cable ( s e e  Section 30e). 

(2 )  Short c i r c u i t .  To check f o r  a shor t  c i r c u i t ,  t h e  
c i r c u i t  may be opened by disconnecting the  wire t o  the  binding pos t  
on the  sampler head. Then with t h i s  known brealr i n  the  c i r c u i t ,  msk- 
ing  and breaking the  contact  at  the  b a t t e r y  w i l l  give a hot  spark if 
the re  is  a shor t  o r  ground i n  the  c i r c u i t .  If a shor t  is  indicated  
a search should be made f o r  defect ive  o r  i n s u f f i c i e n t  insu la t ion .  
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Excessive heating of a por t ion  of the  c i r c u i t  may ind ica te  the  loca t ion  
of a shor t  c i r c u i t .  

b .  Battery f a i l u r e .  If the  solenoid plunger does not s t r i k e  
hard enough t o  t r i p  the  escapement, the  b a t t e r i e s  m y  be weak. As 
b a t t e r i e s  become weaker opera t ion,  which m y  be s a t i s f a c t o r y  f o r  a 
shor t  time a t  the  beginning of a sampling period,  becones e r r a t i c  and 
undependable. The b a t t e r i e s  should be checked and replaced i f  i n  
poor o r  even doubtful  condit ion.  An a m e t e r  provides the  bes t  t e s t s  
f o r  b a t t e r i e s ,  however, a v o l t ~ t e r  may be used. I n  s e t t i n g  up a 
sampler c i r c u i t ,  i f  it is  found t h a t  about 42 v o l t s  w i l l  j u s t  operate 
t h e  sampler, then about 48 v o l t s  should be provided t o  al low a mrg in  
f o r  de te r io ra t ion  of the  b a t t e r i e s  o r  c i r c u i t .  Too g rea t  a voltage 
should not be used because it may damage the  solenoid.  

c .  Loose connections. A 1 1  e l e c t r i c a l  connections should be 
checked t o  insure t h a t  contact  wires a r e  clean and terminals  a r e  t i g h t .  - 
E l e c t r i c a l  connections include terminals  on the  b a t t e r y ,  switch 
commutator, and sampler head, and wire connections a t  the  connector 
and hanger bar .  

d .  Check of the  switch.  E l e c t r i c a l  c i r c u i t  t rouble  m y  be 
due t o  loose connections on the  switch o r  f a u l t y  switch contacts .  
With the  sampler c i r c u i t  completely set up, the  switch may be checked 
by short ing across it with a spare wire, o r  by disconnecting one of 
the  wires t o  the  switch and touching it t o  t h e  o ther  wire leading t o  
the  stritch. Such shor t ing should cause the  solenoid t o  operate just 
as though the  switch had been closed,  however, i f  it  does not,  the re  
i s  t rouble  somewhere o the r  than the  m i t c h .  

e. Check of the  suspension cable.  There may be times when 
the  sampler w i l l  f a i l  t o  operate w h e n E t r a i n  is placed on the  sus-  
pension cab le .  This ind ica tes  f a u l t y  insu la t ion  of the  core o r  a 
broken core wire i n  the  suspension cable.  Inspection should be made 
a t  the  point  where the  cable e n t e r s  the  connector joining the  cable 
t o  the  hanger bar .  Also, any kinks i n  the  cable should be inves t igated .  
Sometimes wiggling the  cable a t  t h e  suspected point  may cause i n t e r -  
mit tent  operat ion of the  c i r c u i t  and thus loca te  the  t roub le .  

f. Ine f f i c ien t  c i r c u i t .  If the  e l e c t r i c a l  current  supply 
from the ba t t e ry  i s  adequate but  the  impact of the  solenoid plunger - 
fails t o  ac tuate  the  valve mechanism c o n ~ i s t e n t 2 ~ ,  the  c i r c u i t  may be 
i n e f f i c i e n t .  The cause could be loose connections a t  binding p o s t s ,  
the  use of  very smallw-ires, poor switch con tac t s ,  o r  o the r  sources of 
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excessive res i s t ance  i n  the  c i r c u i t .  Specia l  a t t e n t i o n  should be given 
t o  checking the  c i r c u i t  through t h e  commutator on t h e  r e e l ,  the  con- 
nections from the  insula ted  core of the  suspension cable t o  the  commu- 
t a t o r ,  and t h e  connections' t o  the  binding post on t h e  sampler. 

Defective o r  i n s u f f i c i e n t  insu la t ion  m y  cause current  leakage. The 
leakage may increase when the  suspension c i r c u i t  i s  par t ly  submerged. 
One s ide  of the  c i r c u i t  is  grounded through the  sampler and ou te r  sec-  
t i o n  of the suspension cable.  Therefore poor insu la t ion  on the  imes 
core conductor of the  suspension cable may cause l o s s  of current  when 
the  cable i s  submrged i n  the  stream. The connection t o  the  binding 
post  on the head of the  sampler, and the  top  por t ion of the  binding 
post  a re  a p a r t  of the  insula ted  s ide  of the  c i r c u i t .  There w i l l  be 
a c e r t a i n  amount of current  leakage across  t h e  water gap between these  
two and the  body of the  sampler. 

31. E l e c t r i c a l  t rouble  ins ide  the  sampler head--If the  sampler 
valve f a i l s  t o  operate when a ba t t e ry  cur ren t  of about 24 v o l t s  i s  
connected d i r e c t l y  t o  t h e  sampler head, the  t rouble  may be with t h e  
e l e c t r i c a l  c i r c u i t  i n  t h e  sampler head, the  solenoid plunger o r  t h e  
solenoid c ~ i l .  

a .  Solenoid plunger. Troubles with the  solenoid plunger 
binding o r  s t i c k i n g  a r e  discussed i n  Sect ion 32a. 

b. Check of e l e c t r i c a l  c i r c u i t  i n  sampler head. If the  
golenoid plunger s l i d e s  f r e e l y  when checked by t h e  lnethod i n  Section 
28c but fails t o  operate when a b a t t e r y  is  connected d i r e c t l y  t o  the 
binding post  on t h e  head cover and grounded on t h e  head o r  body of the 
sampler, the e l e c t r i c a l  c i r c u i t i n  t h e  sampler head may be f a u l t y .  
When the  samples. i s  t e s ted  trith the  head cover i n  place,  the  valve plug,  
spring o r  spr ing guides may bind agains t  t h e  head cover o r  agains t  
o ther  p a r t s  of the  assembled sampler a s  discussed i n  Section 32d. The 
wiring ins ide  the  head may be checked by removing the  head cover as d i s -  
cussed i n  Section 20. The binding post  i n  the  head cover, t h e  wire 
from the binding post  i n  the  head t o  t h e  binding post  on the  solenoid 
and the grounding of the solenoid case t o  t h e  solenoid bracket should 
a l l  be checked. 

solenoid f a i  
d i r e c t l y  t o  t h e  binding post and t o  a good ground on the  solenoid case ,  
the  solenoid has probably f a i l e d .  The res i s t ance  of t h e  solenoid should 
be about 12 ohms. A shor t  c i r c u i t  of some of  t h e  c o i l s  i n  t h e  solenoid 



Section 32 - 32 

+ w i l l  reduce the  res is tance  and lower the eff ic iency of the  solenoid.  
The l o s s  of ef f ic iency w i l l  be i n  approximate proportion t o  the  re- 
duction i n  res i s t ance .  An open c i r c u i t  i n  the solenoid w i l l  be shown 
by an extremely high res i s t ance .  A defective solenoid w i l l  general ly  
have t o  be rewomd, o r  replaced with a new one. 

32. Valve mechanism troubles--The sampler valve may f a i l  t o  operate 
because the  solenoid, the  valve plug,  the  clock type spring o r  t he  
escapemnt do not function properly. Troubles with these  pa r t s  a r e  dis- 
cussed i n  the  following paragraphs. 

a .  Solenoid plunger does not s l i d e  f ree ly .  The plunger m y  
not s l i d e  f r e e ly  because it and the  solenoid core a r e  d i r t y ,  corroded 
o r  wet. If the  plunger s t i l l  does not  s l i d e  f r e e ly  a f t e r  being cleaned, 
the plunger may be binding agains t  t h e  head cover. 

If the  plunger is  binding agains t  the  head cover, it may be loosened 
a s  follows: Remove the p in  through the  catch,  and take off  the  catch 
and catch spring.  Remove the  intake nozzle nut and in take nozzle. 
Loosen, but do not remve ,  the screws which hold the head cover on the  
head base. S l ide  the head cover s l i g h t l y  from s ide  t o  s ide ,  while turn-  
ing the head over and over. If the  plunger was binding agains t  the  
head cover, the  s l i g h t  Eoverrent of the  head cover should f r ee  it,  and 
the  plunger s h ~ u l d  s t a r t  t o  s l i d e  f r e e l y  a s  the  head i s  turned over.  
Careful observation w i l l  indicate  the  amount and the d i r ec t i on  of s h i f t  
of the  head cover required t o  c l e a r  the  plunger. 

I f  loosening and s h i f t i n g  the  head cover does not el iminate the  bind- 
ing,  it may be corrected by a s l i g h t  s h i f t i n g  of the  solenoid bracket 
(~46 -31 )  on the head base, o r  by a realignment of the  solenoid ( ~ 4 6 - 2 9  
and 4'7)  i n  the solenoid bracket. Access t o  the  solenoid i s  obtained by 
removing the  head cover as outl ined i n  Section 20. The plunger m y  
bind i n  the  plunger recess i n  the  head cover, i n  which case the  recess  
should be enlwged.. The assembly of t he  solenoid is discussed i n  
Section 22. 

b. Solenoid plunger not s t r i k i n g  hard enough. If the  impact 
of the solen ven though t h e  
valve r o t a t e s  e a s i l y  and the  escapement t r i p s  readi ly ,  the  solenoid 
plunger i s  not s t r i k i n g  hard enough. The impact may t r i p  the  escape- 
ment when there  i s  l i t t l e  tension i n  t he  spring but t r i l l  f a i l  t o  t r i p  
when the  spring is  t i g h t l y  wound. Energy applied to the  escapement 
by the solenoid plunger m y  be inadequate because the  lament arm t o  
the point of impact is i n su f f i c i en t .  Added mechanical advantage m y  



be gained bgr mving the solenoid impact Lo a point  nearer  t h e  ou te r  
end of the escapement. The l ack  of impact i s  o f ten  the  r e s u l t  of in-  
su f f i c i en t  voltage a t  the  solenoid. Poor ba t t e r i e s ,  a defect ive  
e l e c t r i c a l  c i r c u i t ,  o r  a solenoid c o i l  failure, may account f o r  t h i s  
defect ,  see Section8 38 and 31. 

When f u l l y  wound, some samplers require  a considerable fo rce  t o  t r i p  
the  valve. The spr ing m these  samplers should not be wound t o  the  
f i n a l  notch. With such  sampler^ the  pos i t ion  of the  'valve plug p r i o r  
t o  sampling should be one full t u rn  away from f u l l y  wound. I f  the  
sampler has been wound too t i g h t ,  t h e  spr ing should be un~round by 
pressing the  switch button u n t i l  the  valve is  ro ta ted  again t o  the  
des i red s t a r t i n g  posi t ion.  

c .  I naequa t e  spring ac t ion .  If the sampler valve w i l l  not 
opmat@ exce ly wound, o r  if the valve act ion 
i s  e r r a t i c  with som tendency f o r  %he valve plug t o  bind when the  spring 
i s  past3.y \round, the spring ~ a y  be binding i n  the  spring guides. B i n d -  
ing  can be Located by inspection sf the spr ing guides. Cleaning the  
spring o r  guides may eliminate the  t rouble .  I f  the guides have been 
bent ,  they my require s t ra ightening.  

After  continued operation, t he  valve spring msy weaken s o  t h a t  only 
a very few samples can be obtained with each winding. A badly weaken- 
ed spring should be replaced. 

d, 
Sat i s fac to ry  
f a i l u r e  t o  operate with the  %lead cover i n  place,  is general ly  s eign 
t h a t  so= operating pa r t  of the  sampler binds agains t  the  head cover. 
Par t s  which m y  bind a r e  the  valve plug,  spr ing,  o r  spr ing guides. To 
loca te  the  point  sf binding a spot of some marking mi t e r i a l  may be 
placed. a t  the  c r i t i c a l  point  md operation attempted with the  cover i n  
place.  Any s ca r  i n  the  mrlring material indicates  binding a t  t h a t  
po in t .  If su f f i c i en t  thickness of petal i s  avai lable  a t  the point  of 
b i d i n g ,  the  ins ide  of the  cover may be cu t  o r  f i l e d  away t o  provide 
clearance.  S o m t i m s  the  wire i n  the  head obst ructs  the  movemnt of 
one of the operating pa r t s .  

e. It should be poss ible  
Lo determine g i n  t he  valve body by 
ro ta t fng  the  valve by hand when the  spring is  unwound. Binding my re- 
s u l t  from the  valve nt& (1946-24) being turned up too t i g h t l y ,  or from 
d i r t  o r  roughness In  the valve plug o r  valve receiver .  
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f .  Escapement and valve f a i l  t o  operate.  Sometimes the  sole-  
noid plunger s t r i k e s  t h e  escapement, but the  valve does not operate 
consis tent ly .  With the  head cover i n  place,  operat ion of the  valve 
should be attempted severa l  t i x e s  with varying degrees of tens ion i n  
the  valve spring,  meanwhile noting the  behavior of  t h e  valve under 
each condition. The head cover should then be removed ( see  Section 20) 
and the  operat ion carefd2.y rechecked with varying degrees of tens ion 
i n  the spring.  Sa t i s fac to ry  operat ion with the  head cover o f f ,  but un- 
s a t i s f a c t o r y  operat ion with the  cover snugly i n  p lace ,  ind ica tes  t h a t  
the  mechanism binds on t h e  head cover ( see  Section 32d). ??ailwe t o  
operate with the  head cover o f f  and the  spr ing f u l l y  wound general ly 
indicates  t h a t  the escapement does not t r i p  as e a s i l y  a s  it should, due 
t o  roughness o r  binding (see  Section 32g and h); t h a t  t h e  solenoid 
plunger i s  not s t r i k i n g  hard enough ( see  Section 32b); o r  t h a t  the  
valve plug turns  u n u s w l l y  hard (see Section 32e). 

Failure t o  operate with the  head cover o f f  and t h e  spring l i g h t l y  
wound indicates  t h a t  the  valve plug tu rns  too  hard ( s e e  Section 32e), 
t h a t  the  escapement does not c l e a r  t h e  r a t c h e t  s u f f i c i e n t l y  ( see  
Section 3 2 i ) ,  t h a t  the  sp r ing  ac t ion i s  inadequate ( s e e  Section 32c), 
o r  t h a t  t h e  escapement i s  binding (see  Section 32h). 

g. Rough escapement arm o r  r a tche t  tooth .  If t h e  escapemat  
does not t r i p  when t h e  spr ing is  f u l l y  wound, the  face of t h e  upper 
escapement arm o r  of ople of t h e  ra tche t  t e e t h  may be rough o r  damaged. 
I f  the roughness i s  on the  r a t c h e t  tooth ,  f a i l u r e  w i l l  cont inual ly  
occur a t  one posi t ion  sf the  valve plug. A small amount of roughness 
may be corrected by pol ishing with emcus  c lo th .  Excessive removal of 
m t a l  from the upper escapement arm o r  from the  r a t c h e t  too th  t h a t  
controls  the  open pos i t ion  of the  valve w i l l  des t roy t h e  alignment of 
the  intake passage. 

h .  Escapement binding. If the  escapercent seems t o  be bind- 
ing,  check f o r  d i r t ,  clearance from other  p a r t s  of the  sampler, and - 

freedom of ro ta t ion  about the  escapewnt  p in .  

2 .  Escapement does not c l e a r  r a t c h e t  s u f f i c i e n t l y .  With the  
valve spring l i g h t l y  wound the re  m y  be times when t h e  valve plug 
r o t a t e s  e a s i l y  and t h e  escapement seems f r e e ,  y e t  the  impact of the  
solenoid plunger i s  not followed by r o t a t i o n  of the  valve.  This m y  
indica te  t h a t  the  escapement does not c l e a r  t h e  end of each r a t c h e t  
tooth  s u f f i c i e n t l y .  The clearance m y  be checlced by holding t h e  
escapement up m d  not ing t h e  clearance over the  ends of the  r a t c h e t  
t e e t h  as the  valve plug i s  turned slowly. There must be clearance t o  



permit the r a t che t  t e e t h  t o  pass, but a m i n i m  clearance may not be 
su f f i c i en t  f o r  good operation.  When the  escapement i s  dr iven upward 
by the impact of  the  plunger, the  escapement t r ave l s  rapidly  t o  t he  
upper limit of i t s  motion and then rebounds downward. I f  the  rebound 
dr ives  the  escapement domwwd before the  valve ra tche t  c o m n c e s  t o  
tu rn ,  the escapemnt w i l l  f a l l  i n  f r on t  of the  ra tche t  tooth  which it 
was supposed t o  re lease .  Additional clearance can be given by c s r e fu l l y  
dressing down the  lower s ide  of the upper arm of the  escapement. 

33. Sampler valve skips--Under c e r t a i n  conditions the sampler valve 
may skip  pas t  one o r  m r e  valve pos i t ions .  Such ac t ion  y ie lds  no sam- 
p l e  o r  one having improper s i ze .  The f a u l t  m y  be i n  the s e t t i n g  of 
the  solenoid o r  i n  worn o r  damaged pa r t s .  

The valve may sk ip  only vhen the valve spr ing i s  f u l l y  wound o r  
when it is  near ly  unwound. Operation may be continued f o r  a long ti= 
using only a p a r t  of the  range of the  valve spring, but such an ex- 
pedient should be considered only temporary. 

a .  Solenoid incorrect ly  s e t .  The valve may sk ip  pas t  some 
posi t ions  because the  solenoid i s  s e t  too c lose  t o  the  lower arm of 
the  escapement, thus preventing the  escapement from operating s a t i s -  
f a c to r i l y .  See Section 22 f o r  a discussion of the  assembly and ad- 
j u s tmn t  of  the  solenoid. 

b. Worn o r  damaged pa r t s .  Skipping m y  be due t o  damage o r  
wear on the  face -of  the  upper escapement arm o r  of one of the  ra tche t  
t ee th .  Sometimes the  surfaces may be dressed down s l i g h t l y  t o  cor rec t  
the  trouble,  but such r epa i r s  must be ca re fu l ly  made o r  the  alignrcent 
of the  intake passage w i l l  be destroyed. The only s a t i s f ac to ry  r epa i r  
may include the  i n s t a l l a t i o n  of new par t s .  

c .  E l e c t r i c a l  t rouble ,  Skipping m y  be due t o  a defect  i n  
the  switch o r  i n  i ts  operation, o r  t o  a loose contact  i n  the e l e c t r i c a l  
c i r c u i t  which allows more than one e l e c t r i c a l  impulse t o  reach the  
solenoid,  This type of e l e c t r i c a l  d i f f i c u l t y  i s  o f ten  of a mechanical 
nature.  A care fu l  inspection of the  c i r c u i t  w i l l  usually d i sc lose  the 
source of t rouble .  

34. Water i n  sampler head--When the sampler i s  i n  operation,  the  
ins ide  of the  sampler head w i l l  generally be d a q ,  and so= of the  time 
the  head w i l l  contain an appreciable quant i ty  of water. The E r e  
presence of moisture i n  the  head w i l l  seldom i f  ever prevent operation 
of the instrument, but r u s t  from the  continued presence of nooisture may 
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impair operation.  Water may prevent the  solenoid plunger from operat-  
ing properly. Moisture o r  water i n  the  head of the  sampler may r e s u l t  
from any of the  following : 

a .  Nozzle packing. Water may en t e r  through the  "0" r ing  
packing around the nozzle. Careful assembly of the  nozzle, packing, 
and nozzle nut w i l l  usually prevent leakage. !The nozzle should be 
screwed snugly in to  place and the nozzle nut tightened do~m on the  
packing when the screws which hold the  head cover on the  head base 
are  snugly i n  place but not t i g h t .  After  the  nozzle nut is  tightened 
suf f ic ien t ly  t o  c s q r e s s  the  packing, the  head cover acrews m y  be 
tightened. An insuf f ic ien t  length of thr@sds i n  the  nozzle nut recess 
m y  prevent the  packing from being compressed. Two packing r ings  m y  
be required t o  prevent leakage i n  t h i s  case. Packing may be damaged 
by excessive compression, o r  by preject ing sharp edges. Such shsrp 
edges should be removed. Packing m y  need t o  be replaced occasionally 
as a r e s u l t  of normal damage and weas. 

b .  Nozzle sea t .  If the  nozzle is  not threaded snugly i n t o  
the nozzle s ea t ,  leakage may occur around the  nozzle threads.  The 
nozzle must be snugly i n  place before the  screws holding the head cover 
are f u l l y  tightened. 

c .  Socket screw packing. Leakage may occur around the  socket 
screw which plugs the  winding hole i n  the  sampler head. This screw 
must be tightened down on the  "0" r i n g  packing t o  prevent leakage. The 
packing w i l l  require n*eplacement occasionally.  Packing may be damaged 
by excessive compression o r  projecting sharp edges. 

d. Valve plug. Water may seep i n to  the  head around the  valve 
plug, but t h i s  probably would occur only when the  valve ba r r e l  has been 
damaged o r  badLy worm. Replacement of the  valve o r  both the  valve and 
valve body may be required t o  el iminate t h i s  leakage. Equalizing the  
pressure ins ide  %he sampler head with t h a t  outside by cu t t ing  a hole 
through the  pressure equalizing tube which passes through the  head. m y  
reduce the  leakage around the  valve plug. 

e .  Binding pos t .  Water may en t e r  around the binding post  
i n  the head cover o r  the  lead-in plug i n  the  head base. Tightening 
the  nut which compresses the  rubber sect ion of the  binding post o r -  
the lead-in wire gasket should s e a l  the  sampler a t  t h i s  point and 
prevent seepage. Replace rubber when required.  



Section 34. 3 7 

f .  Gasket. Leakage may occur past the gasket between the 
head cover and head base i f  tho gasket is  defective o r  the screws 
which hold the head cover in pLace are not tightened uniformly. The 
gasket should be replaced when defective.  

g. Condensation. The head cavity w i l l  frequently be damp 
from condens ture. If the air temperature is higher than 
t ha t  of  the water an8 the  a i r  humidity is re la t ive ly  high, the cooling 
action of' the water when the  smpler i a  submerged w i l l  condense mis- 
t~ *om t& a i r  within the sampler head. 
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VII , ROTARY-SOENOID MECHANISM 

35. General descriptionr-A spring-loaded ratchet assembly, which 
is actuated by a rotary solenoid, has been developed to replace the 
original clock-type-spring ~chanism for turning the valve in the 
US P-46 sampler. The valve plug of the sampler was unchanged except 
for modification of the connections at each end. 

The improved mechanism was designed to fit into the head cavity of 
the sanpler. It operates electrically through similar circuits and 
from the same direct current power source as the original sampler. It 
eliminates the need for willding a valve driving spring. 

A dial-type switch assembly, located in a control box, is employed 
to energfze the rotary solenoid in controlled steps, from a remote 
station. An indicator shows when the intake valve is in the open or 
sample-collecting position. 

The rotary-solenoid mechanism and the valve-position indicator are 
available as replacement units to fit any of the VS P-46 suspended- 
sediant samplers. A moderately well equipped machine shop is required 
for installation of the mechanism, These modifications can be made 
with the facilities maintained at the St, Anthony Falls IIydraulic Lab- 
oratory. 

Inquiries, orders, and co~munications regarding repairs and mdifi- 
cations to US P-46 aanqplers should be directed to the District Engineer, 
U. S. Army Engineer District, St. Paul, Corps of Engineers, 1217 U. S, 
Post Office and Custom House, St. Paul 1, Minnesota. Unless the body 
section of a sampler has been damaged or needs repair, it will be 
necessary to forward only the head of the instrument for this modifi- 
cation, i.e., the parts contained within the head cover ( ~ 4 6 - 2 )  and 
head base (~46-3). Details of the mechanism are illustrated in 
Fig. 5 to 8. 

36. Description of mechanism--A rotary-solenoid, which is pin 
connected to s spring-loaded ratchet assembly through a slot in the 
outer ratchet plate (~46-65) ,  rotates the valve plug rapidly through 
one-third of a revolution, in stages of 20 degrees of arc (see Fig. 8). 
The ratchet wheel (~46-63) contains 18 teeth and is securely fastened 
to the valve plug. When the rotary solenoid is momentarily energized, 
the ratchet plate assembly is drawn back about 22 degrees against the 
tension in the ratchet drive spring (~46-76), and the ratchet driving 
pawl (~46-68) engages the next tooth on the ratchet wheel. The driving 
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pawl spring (~46-69) forces the pawl against the ra tchet  wheel. When 
the e l e c t r i c a l  impulse t o  the solenoid ceases, the  ra tchet  drive 
spring draws the ra tchet  and valve forward 1/18 of a revolution o r  
20 degrees. The forward motion of the valve and valve mechanism which 
follows each e l e c t r i c a l  impulse i s  arres ted by a positioning stop 
(~46-74)  which i n  tu rn  lacks the pawl t o  the engaged tooth on the 
ratchet and prevents any fur ther  forward motion of t h e  valve u n t i l  the  
solenoid again reloads the driving spring. The positioning stop is  
adjustable t o  f i t  the mechanism and t o  correct  the aligmmnt of 
passageways through the valve. A fixed ratchet-locking pawl (~46-708) 
prevents any backward rotat ion of the  valve. 

Since there a r e  three fixed position8 of the valve, each valve 
posit ion i s  spaced 120 degrees apar t  and s i x  separate e l e c t r i c a l  i m -  
pulses must be delivered t o  the solenoid t o  ro t a t e  the valve t o  each 
successive posi t ion.  A telephone d i a l  w i t h  micro-switch assembly 
produces the s i x  e l e c t r i c a l  impulses t o  the solenoid. When the number 
one (1)  is  dialed,  some d ia la  make two contacts and others make one. 
Number f ive ( 5 )  i s  dialed on the f i r s t  type and number s i x  (6)  on the 
second (according t o  inst ruct ions  i n  the control  box) t o  advance the 
valve from one posi t ion t o  the next. In t h i s  manual the d i a l  number 
( 5  o r  6) shown i n  the control  box i s  cal led the reference number. 
Rotation of the valve occurs during the re turn stroke of the d i a l  
switch. 

37. Valve posi t ion indicator--!The valve-position indicating system 
consists of an ohmeter  and meter switch i n  the control  box, and a low 
voltage battery,  a contact switch and a se r i e s  r e s i s t o r  mounted i n  the 
head cover OF the sampler. The c i r c u i t  u t i l i z e s  the suspension cable, 
the d i a l  switch and micro-sviteh. (see wiring diagram i n  Fig, 8.) 
When the d i a l  is being speretted, the indicator c i r c u i t  automatically 
remains open t o  protect  the ohmmeter from the high voltage used t o  
operate the solenoid. When the sampler valve is i n  the open, o r  
sampling posit ion,  the contact switch i n  the sampler head i s  closed. 
(see indicator contact assembly i n  Fig 7.) Then when the switch 
button i n  the control  box i s  pressed the c i r c u i t  i s  completed and the 
needle on the o t e r  def lec t s  t o  indicate t h a t  the valve is  i n  the 
sampling posi t ion,  

CAUTION: The meter switch i n  the  control  box should never be de- 
pressed while the d i a l  i s  being operated o r  a high voltage may reach 
the meter and severely damage it. &perate the  ~ t e r  switch only when 
the d i a l  is a t  r e s t .  
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38. Control-box e l e c t r i c a l  connections--TO f a c i l i t a t e  operation of 
the s a w  control  box, containing the 
d i a l  switch assembly and the posit ion ihdicator,  is f&niehed. Minip- 
ulation of t h e  d i a l  w i l l  operate the mechanism within the head cover 
of the sediment sampler. The terminals an the control  box must be 
connected correct ly  t o  the sampler and t o  the proper poles of the 
battery,  otherwise the m t e r  needle may be forced against the needle 
stop and bent. 

Terminals provided on the  control  box should be connected i n  
sequence as foPlows : 

Posit ive bat tery terminal. Connect the control-box t e r -  
minal marked Battery (+) t o  the posi t ive  (+) terminal of the bat tery 
(or  ba t te r ies  connected i n  series) t o  furnish the voltage required. 

Negative battery terminal. Connect the control-box ter- 
minal marked Battery ( - )  t o  the negative ( - )  terminal of the  bat tery 
or  ser ies  of ba t te r ies .  

Positive sampler terminal. Connect the control-box t e r -  
minal marked Sampler (+) to t he  insulated core of  the suspension cable. 
The other end of the core should be connected t o  the terminal on the 
head of the sampler o r  t o  the lead-in wire through the head cover of 
the sampler. 

Negative sampler terminal. Connect the control-box t e r -  
minal marked Sampler (-1 t o  the outer  shield  of the suspension cable 
a t  the r ee l .  The other end of the cable shield  w i l l  be grounded t o  
the body of the sampler through the hanger bar connectors. 

39. Operation sf contro1 box--After verifying proper connection of 
the t e r  sa instructed i n  Section 38, the con- 
t r o l  box my be used t o  operate the mechanism within the s a G l e r  i n  
sequence a s  follows : 

To glace the sanpler valve i n  the open posit ion,  d i a l  
the reference number shown inside the control  box. 

To check fo r  sampling posi t ion df the valve, press the 
button i n  the control  box and watch for a permanent def lect ion of the  
neter needle. 

If e t e r  needle is  not deflected, dial  the reference 
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number again as ins t ruc ted  i n  t h i s  sec t ion  and check f o r  sampling posi- 
t i o n  of valve by pressing the  button.  If needle i s  not de f lec ted  re- 
peat  a t h i r d  t i n e .  When the  meter reading s igna l s  t h a t  t h e  valve i s  
open, a sample can be, o r  i s  being,  co l l ec ted .  

Sf the  t h i r d  attempt t o  r o t a t e  the  valve t o  the  o w n  
pos i t ion  f a i l s  t o  produce a m t e r  reading, the  mechanism is  not prop- 
e r l y  or iented  and t h e  appropriate reference number minus one (1) should 
be d i a l e d  and the  button i n  the  c o n t r o l  box pressed repeatedly u n t i l  8 

reading is  obtained on the  ~ e t e r .  Depress the  meter switch each ti= 
only a f t e r  the  d i a l  becomes not ionless .  A ne te r  reading w i l l  i nd ica te  
t h a t  the  valve is i n  the  open pos i t ion .  Thereafter ,  successive posi -  
t i o n s  of the  valve a r e  obtained by d i a l i n g  the  reference number. 

a .  Secondary currents  m y  d e f l e c t  t h e  meter needle s l i g h t l y  
o r  ~ o r t e n t a r i  l y  small  w t e r  readings genera l ly  pro- 
duced by galvanic ac t ion  and induced voltages,  a r e  inconsequential  and 
should be disregarded. With a good b a t t e r y  i n  the posi t ion-s ignal ing 
c i r c u i t  the  indicat ing needle of the  mter should d e f l e c t  t o  a t  least 
the  center  of the  sca le  trhen the  valve i s  open. 

b. If the  wrong number i s  d i a l e d  erroneously o r  o r i e n t a t i o n  
i s  l o s t  through p a r t i a l  r o t a t i o n  of t h e  valve plug by some o the r  neans, 
the  open pos i t ion  can be recovered by d i a l i n g  the  reference number 
minus one repeatedly,  a s  discussed i n  Section 39 above, u n t i l  t h e  
meter indica tes  the  open pos i t ion .  

40. Maintenance - -The cos t  invoZved i n  producing and repa i r ing  the  
US P-46 s e d i m n t  sampler and the  nature of  i t s  use prescribe e f f e c t i v e  
maintenance and accurate adjustments t o  safeguard the  investment and 
t o  accomplish the  object ives .  Refer t o  Chapter IV, Care of  the  US P-46 
S a q l e r ,  and Chapter VL, Adjustmnt  and Repair of the  US P-46 Sampler 
and Auxil iary Equipment, t o  supplement the  following discuss ion.  

a .  Cleaning the  valve-actuating mechanism. W i s t u r e  which 
m y  c o l l e c t  within the  head cav i ty  from leakage and condensation should 
be removed d a i l y  e i t h e r  by separat ing the  head cover from the  base 

P 

p l a t e  o r  by removing the intake nozzle nut and nozzle and t i l t i n g  the  
sampler nose downward t o  permit drainage.  A t  l e a s t  once each week the  
head cover should be relaoved and the  operat ing mechanism cleaned and 
d r i e d .  E l e c t r i c a l  connections should be inspected and corrosion 
neutra l ized.  

b. Oiling the  valve-actuating mechanism. Af te r  c leaning t h e  



Section 41 42 

mechanism, a few drops of light oil may be placed between the ratchet 
wheel and ratchet plates (~46-63, 64 and 65). A drop of oil should 
also be placed on each side of the ratchet driving pawl at its pivot 
(~46-68).  A small amount of grease should be placed on the solenoid 
drive pin where it engages the slot in the outer ratchet plate (~46-65 
ar,d 78). 

41. Adjustments to rotary-solenoid mechanism--There are only two 
adjustrents to be made on the rotary-solenoid mechanism. They are 
adjustment of the alignment of the intake bore, and adjustmat of the 
switch contacts in the position-indicating circuit. 

a. Alignmat of intake bore. Precise location of the drive- 
pawl positioning stop (~46-74)  is mandatory to align the intake bore 
of the sampler valve so that the calibrated intake characteristic6 are 
maintained. Adjustment of this stop to realign the intake bore is re- 
quired only rarely. With the valve in the open position, the bore ie 
aligned by loosening the pawl-positioning stop screw (~46-75) and elid- 
ing the stop in the proper direction until the intake bore of the valve 
plug is in perfect alignment with the corresponding passageway through 
the valve body. The location of the positioning stop is then secured 
by firmly tightening the stop screw. .Aligmnt can be inspected by 
sighting through the intake passageway with the valve in the open posi- 
tion. The open position of the valve orients, simultaneously, passage- 
ways for admitting the sample into the bottle and for releasing air 
from the bottle. Sighting through the intake bore and sensing the 
ejection of air blown through the air eecape port verifies the open 
position of the valve. If' the intake passageway is open but air will 
not blow through the air escape passageway, the valve plug is out of 
orientation by 180 degrees. The position is corrected by rotating the 
valve plug one-half revolution and rechecking the alignment of intake 
and air exhaust passageways. 

b. Valve-position-indicator switch. If the head cover is not 
removed or replaced carefully, the contact spring of the valve-position- 
indicator switch (shown on the indicator contact assembly detail on 
Fig. 7) may be bent or otherwise damaged. To adjust this spring, place 
the valve in the open position and bend the spring to make a firm con- 
tact, which completes the circuit to the meter and produces a deflec- 
tion of the needle. Then check the meter with the valve in a position 
one ratchet tooth before and one after the fully open position to see 
if a reading is registered at these positions. Adjust the indicator 
switch spring to produce meter readings only at the fully open position. 
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42. Repairs--Pfjor  r e p a i r s  t o  the  i n s t r w n t  should be ordered 
through the  D i s t r i c t  Engineer, U .  S. A r m y  Engineer D i s t r i c t ,  S t .  Paul, 
Corps of Engineers, 1217 U.  S. Post Office and Custom House, S t .  Paul 
1, Minnesota. Defective i n s t r m e n t s  o r  assemblies t o  be repai red  
should he shipped t o  the  address above. Spare p a r t s  w e  ava i l ab le  t o  
permit minor r e p a i r s  i n  the  f i e l d ,  o r  with the  a i d  of a l o c a l  mch ine  
shop. Construction plans and d e t a i l s  a r e  shown t o  a reduced sca le  i n  
Fig 7 and 8 and f u l l  s i z e  copies a r e  ava i l ab le  t o  Federal Agencies by 
request  t o  addressee above. 

a .  Fa i lure  of ind ica to r  b a t t e r i e s .  I f  t h e  ind ica to r  b a t t e r -  
i e s  f a i l  and replacercent i s  required before resupply can be procured 
from the  above source,,  a  s u i t a b l e  replacerent  can be assembled l o c a l l y  
a s  fol lows:  

( 1 )  Penlight  b a t t e r i e s .  To replace  t h e  Penlight  b a t t e r -  
i e s  use four ( 4 )  Penl ight  dry  c e l l  b a t t e r i e s  Burgess No. 7 ,  Ray-0-Vac 
No. 400 Size "K", Eveready No. 912, o r  equal ,  connected i n  s e r i e s  with 
soldered connections. This w i l l  form a power source of approx imte ly  
6 v o l t s  t o  which a 1000-ohm, one-half watt  r e s i s t o r  i s  connected i n  
s e r i e s .  The b a t t e r y  assembly should be wrapped i n t o  a compact package 
with protruding contac t  wires.  To assure  adequate dura t ion  of se rv ice ,  
the package should be waterproofed by app l i ca t ion  of  household wax, 
sea l ing  compounds, p l a s t i c  spray,  dipping compounds, p a i n t ,  o r  o ther  
s imi la r  products r e a d i l y  ava i l ab le .  I n s t a l l a t i o n  i s  completed by con- 
nect ing the  negative lead from the  b a t t e r y  t o  the  ind ica to r    witch and 
the pos i t ive  lead t o  the  cen te r  conductor core o r  lead-in-wise from the  
switch box. 

( 2 )  Vercury b a t t e r i e s .  To replace  the  Yercury b a t t e r i e s  
use th ree  (3)  each, RWR o r  one ( 1 )  each (group of  t h r e e )  No. TR-233R 
V ~ l l o r y  Mercury "A" b a t t e r i e s ,  which furnishes  4 v o l t s .  The b a t t e r i e s  
a r e  i n s t a l l e d  i n  a  l u c i t e  box t o  form ind ica to r  b a t t e r y  assembly 
~46-87~ shown on Fig .  7. A 1000-ohm, one-half watt  r e s i s t o r  i s  con- 
nected i n  s e r i e s  with t h e  b a t t e r i e s .  The b a t t e r i e s  a r e  assembled so  
t h a t  the  negative pole contac ts  the  brass  washer t o  which the  contac t  
spr ing  of the  ind ica to r  s ~ r i t c h  i s  soldered.  When the  end of the  ba t -  
t e r y  conta iner  box i s  scretred i n  p lace ,  the  b a t t e r i e s  must be pressed 
together  s u f f i c i e n t l y  t o  insure  pos i t ive  pressure con tac t s  a t  a l l  
e l e c t r i c a l  contact  p o i n t s .  Poor contac ts  w i l l  r e s u l t  i n  u n s a t i s f a c t -  
ory  operat ion of the  valve pos i t ion  ind ica to r .  

b .  Burned micro-switch po in t s .  If an excessive voltage is  
del ivered  t o  the  valve ac tua t ing  mechanism, the  po in t s  on t h e  micro- 
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switch nay be burned, requiring frequent replacemnt  of the switch. A 
1 MFD capacitor  across the comon terminal  and the  normally open telrmi- 
na l  of the  micro-switch w i l l  minimize damage t o  the points .  

43. Precautions--Although the rotary-solenoid mechanism is not un- 
duly de l i c a t e ,  reasonable care must be exercised i n  connecting and 
operating it. The following precautions are recommended. 

a .  Check po l a r i t y .  Fai lure  t o  observe po l a r i t y  markings w i l l  
cause the m t e r  t o  read backwards ( see  Section 38). 

b. Check power. Always connect the  ba t t e ry  end of the switch 
box t o  the ba t t e ry ,  and the  sampler end t o  the sampler ( see  Section 38). 
The reeter may burn out i f  the connections a r e  not made cor rec t ly .  

c .  Conserve ind ica to r  ba t t e ry .  Never leave the sampler with 
the valve i n  the  open pos i t ion  because t h i s  places the ind ica to r  bat -  
t e ry  i n  the  c i r c u i t  and w i l l  discharge the  ba t t e ry .  This can occur 
even when the  con t ro l  box i s  disconnected, because the  ind ica to r  c i r -  
cu i t  is  comected t o  the solenoid c i r c u i t .  To conserve and prolong the  
l i f e  of these smll ba t t e r i e s ,  the  valve should be i n  the open pos i t ion  
only while a c tua l l y  checking c i r c u i t s  o r  taking suspended-sediment Sam- 
ples .  

d .  Check valve operation and pos i t ion .  Eefore subnaerging the  
instruaent  make sure the  open (saxn$ling)position of the valve can be 
obtained by d i a l i ng  the reference nmber .  

e .  Check e l e c t r i c  connections. Be sure t ha t  a l l  connections 
are  clean and t i g h t  and t h a t  no bare wires a r e  exposed t o  permit unin- 
tent ional  grounds o r  shor ts  i n  the e l e c t r i c a l  c i r c u i t s .  

f .  Galvanic ac t ion.  The bronze bcdy of the  sampler and the  
s t e e l  shie ld  of the  suspension cable when submerged i n  water m y ,  i f  
not properly connectedl act  a s  anode and cathode of a vo l t a i c  c e l l  
which can de l i ve r  about 1-1/2 v o l t s  t o  the  mter. This voltage at  the 
meter w i l l  cause the  needle t o  de f l e c t  with su f f i c i en t  force t o  bend it 
Therefore, the  outer  sh ie ld  of the  suspension cable should be grounded 
t o  the sampler body so t h i s  voltage w i l l  not be delivered t o  the  meter. 

g .  Protection of meter. The m t e r  switch i n  the con t ro l  box 
should never be depressed while the d i a l  is being operated. 
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VIII . P R O C Z D W  FOR TAKING A SAMPLE 

44. General c o m e n t s  on sampling--Norn?al sampling procedures are 
d iscussed  here  f o r  soEe of t h e  common types  of  samples. It may no t  
always be necessary ,  and perhaps not  always a d v i s a b l e ,  t o  t a k e  samples 
by a f i x e d  procedure.  Therefore,  t h e s e  procedures  may be a d j u s t e d  t o  
meet s p e c i a l  o r  l o c a l  needs and cond i t i ons .  The samples t o  be t aken  
w i l l  depend on the  purpose and scope of  t h e  i n d i v i d u a l  i n v e s t i g a t i o n .  
The guid ing  p r i n c i p l e s  should be s e t  up by t h e  f i e l d  o f f i c e s  concerned. 
Although many of t he  p o i n t s  d i scussed  here  apply  t o  any kind of sus -  
pended-sediment sampling, t hey  apply s p e c i f i c a l l y  t o  sampling wi th  t h e  
US P-46 sampler.  

45. Sample container--A p i n t  milk b o t t l e  of t h e  round type  is  used - 
a s  a sample c o n t a i n e r .  The b o t t l e  must be c l ean  before  u s ing .  S u i t -  
ab l e  b o t t l e  caps o r  s toppers  must be provided t o  keep d u s t  out of  t h e  
empty b o t t l e ,  and t o  prevent  contamination o r  l o s s  of  t h e  sample. 

46. S i ze  of sample--The capac i ty  of  a sample b o t t l e  i s  about  470cc 
The sairipling t i ~ e  must be kept  s h o r t  enough so  tha-t  t h e  b o t t l e  i s  never  
f i l l e d  above 450 cc  o r  5-1/4 i n .  Any satxple g r e a t e r  than  440 cc may be 
suspected of being s l i g h t l y  i n  e r r o r .  I f  a 'bo t t le  i s  o v e r f i l l e d  t h e  
sample should be d iscarded  and another  taken  i n  a c l e a n  b o t t l e .  It i s  
d e s i r a b l e  t o  have samples of  from 400 cc t o  440 c c ,  o r  4 t o  5 i n .  i n  
t h e  b o t t l e .  However, a sample of  300 cc i s  probably s a t i s f a c t o r y .  I f  
a sample i s  iriuch t o o  small, an  a d d i t i o n a l  sample may be taken  i n  t h e  
sane b o t t l e  i n  o rde r  t o  make up t h e  d e s i r e d  v o l m e ,  provid ing  it is  
i n t e g r a t e d  s i m i l a r l y  t o  t h e  f i rst  sample. The limits of  acceptab le  
s i z e  of sample should never be so r i g i d  t h a t  a l a r g e  p o r t i o n  of t h e  
samples have t o  be taken over  aga in .  A minimum sample of  350 cc  o r  
3 i n .  i s  suggested a s  acceptab le .  

It i s  d e s i r a b l e  t o  have a l l  saniples about t he  same s i z e  because it 
i s  much e a s i e r  and quicker  t o  r,relgh a s e r i e s  of  samples of  uniform 
s i z e .  Probably t h e r e  i s  a l s o  a s m l l e r  chance of  making undiscovered 
e r r o r s  i n  reading  and record ing  weights i f  t h e  samples a r e  o f  uniform 
s i z e .  The l a r g e r  t h e  saniple, t h e  smal le r  w i l l  be t h e  percentage e r r o r  
involved i n  soae of  t h e  inhe ren t  i naccu rac i e s  i n  t h e  reading  of b a l -  
ances .  

47. Sampling t i ~ e - - T h e  s i z e  of  t h e  sample taken  wi th  a g iven  sam- 
p l e r  depends mainly on the  v e l o c i t y  of t h e  s t ream a t  t h e  sampling 
p o i n t  and on t h e  l eng th  of sampling t i n e .  Since t h e  v e l o c i t y  cannot 
be c o n t r o l l e d ,  t h e  s i z e  of sample i s  r egu la t ed  by t h e  l eng th  of t i m e  
dur ing  which t h e  sample i s  taken .  
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Curves i n  Fig. 9 show t h e  r e l a t i o n  between stream ve loc i ty  and the  
corresponding t i ~ e  required f o r  co l l ec t ing  a sample of 400 cc with 
nozzles of 118 i n .  , 3/16 i n .  and 114 i n .  diameter. The 3/16 i n .  
nozzle i s  the  one with which the  US P-46 sampler i s  normally equipped. 
These curves a r e  based on t h e  sssumption t h a t  the  ve loc i ty  i n  t h e  
nozzle i s  the  same a s  t h a t  i n  t h e  stream a t  the  point  a t  which t h e  
sample i s  taken. Changes i n  temperature, and other  f a c t o r s ,  rcay 
cause smll deviat ions from t h i s  r e la t ionsh ip ,  but any l a rge  depar tu re .  
ind ica tes  t h a t  s o ~ e t h i n g  is  v-rong with the  sampler o r  with the  sam- 
p l ing  procedure. Any departure a s  great  a s  15% from the  given f igures  
f o r  stream v e l o c i t i e s  over one f t .  per  sec .  should be questioned. A t  
v e l o c i t i e s  of l e s s  than one f t .  pe r  see.  l a r g e r  percentage va r ia t ions  
a r e  t o  be expected. 

If the  stream veloci ty  a t  the  sampling point  o r  i n  the  stream ver-  
t i c a l  i s  known, the  time required t o  take a sample of 400 cc may be 
found from Fig. 9 .  This t i ~ e  may be used f o r  the  f i rst  sample. If 
the  first  sample i s  smaller  than d e s i r e d ,  the  next sampling time can 
be increased i n  proportion t o  the  increase des i red  i n  t h e  s i z e  of the  
sample. To decrease t h e  s i z e  of  the  next sample the  time should be 
decreased. 

When the  stream ve loc i ty  is  not known, it may be est imated e i t h e r  
from previous experience, o r  by cornparision with the  known ve loc i ty  a t  
an adjacent  sampling po in t .  The estimated sampling t i a e  may be used 
on the  f i rst  t r y ,  and e i t h e r  increased o r  decreased on the  second t r y .  
It i s  b e t t e r  t o  underestimate t h e  required sampling time than t o  over- 
est imate i t .  I f  the sample b o t t l e  is  completely f i l l e d  the re  i s  no 
way t o  determine the  e r r o r  i n  the  estimated time. 

Because the  instantaneous ve loc i ty  f luc tua tes  about the  mean value 
a t  any point  i n  a stream, the re  w i l l  be corresponding f luc tua t fons  i n  
the  s i ze  of sample co l l ec ted .  These va r ia t ions  i n  s i z e  w i l l  be great -  
e r  f o r  turbulent  streams. The va r ia t ions  i n  saaple s i z e  w i l l  tend t o  
be smaller  f o r  samples taken over longer periods of time. 

48 Information t o  be recorded--All pe r t inen t  infornat ion must be 
recorded f o r e v e r y  sample. An a rea  on the  sample b o t t l e  may be f r o s t -  - 
ed t o  give a su i t ab le  surface upon which t o  wr i t e .  I n  t h i s  case a l l  
necessary information may be wr i t t en  on the  b o t t l e ,  o r  t h e  b o t t l e  may 
be numbered o r  otherwise i d e n t i f i e d  and the  information recorded i n  a 
notebook. If the  b o t t l e  is not f r o s t e d ,  t h e  information pe r ta in ing  
.to the  sample o r  a sample i d e n t i f i c a t i o n  number may be placed on the  
cap o r  on a guhmed l a b e l  which is  at tached t o  the  s ide  of the  b o t t l e .  
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A d u p l i c a t i n g  f i e l d  book may be used t o  record  p e r t i n e n t  information,  
inc luding  the  saaple  i d e n t i f i c a t i o n  number. The o r i g i n a l  copy of  t h e  
f i e l d  book record is s e n t  t o  t h e  l abo ra to ry  wi th  t h e  sample while t h e  
dup l i ca t e  i s  r e t a i n e d  i n  t h e  f i e l d  book. 

Complete records  must be made i n  such a  way t h a t  t h e r e  w i l l  be t h e  
l e a s t  poss ib l e  chance of  t h e  information being l o s t  o r  of  t h e  sample 
b o t t l e s  being mixed up. The fol lotr ing i n f o r n a t i o n  should always be 
recorded : 

Name of  t h e  s t ream. 
Location on t h e  s t ream ( p r e c i s e ) .  
Location ac ros s  t h e  width of  t h e  s t ream. 
Depth o r  range i n  depth a t  which the  sample was taken .  
Stage o f  t h e  s t ream (gage he igh t  on a  permanent gage i f  

a v a i l a b l e ) .  
Date.  
Tixe of  day.  
Pa r ty  t a k i n g  t h e  sample. 
Nozzle s i z e .  
Water temperature.  
Number of t h e  ind iv idua l  saniple . 

49. Poin t  sanples--A po in t  sample i s  taken  a t  one po in t  i n  t h e  
c ros s - sec t ion  of a  s t ream. The sample is i n t e g r a t e d  over  t h e  du ra t ion  
of t he  sampling tinie. Poin t  samples a r e  taken  a t  s e v e r a l  s e l e c t e d  
p o i n t s  i n  t h e  s t ream c ros s - sec t ion  t o  provide complete i n f o m a t i o n  on 
t h e  d i s t r i b u t i o n  of sed inent  . 

a .  With spr ing-dr iven  va lve .  Poin t  samples a r e  taken  wi th  
t h e  clock-type - spr ing-dr iven  sampler as fol101.r~ : 

(1) Remove t h e  soclret screw i n  the  sampler head 'cover. 

( 2 )  I n s e r t  t h e  socket  wrench i n  t h e  socket  screw hole 
and engage it secu re ly  i n  t h e  socket  wrench r eces s  i n  t h e  valve p lug .  

(3 )  Wind clockwise u n t i l  t h e  valve s p r i n g  i s  t i g h t ,  and 
leave  the  wrench i n  p l a c e .  

( 4 )  Kake one con tac t  of t h e  e l e c t r i c a l  switch and r e -  
l ea se - - the  valve should t u r n  1 / 3  r evo lu t ion  as s h o ~ m  by t h e  socket  
wrench. 
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( 5 )  Check whether the  intake i s  open (blow through it 
o r  pass a pipe c leaner  through, o r  i f  the  head i s  r a i s e d  look through). 

( 6 )  I f  the  intake was not open, c lose  the  switch an 
ins tan t  and check again.  

( 7 )  I f  s t i l l  not open, c lose  the  switch again and check 
the  t h i r d  tim. 

(8) When the  open pos i t ion  of the  valve has been found 
i n  t h i s  manner, wind the  valve spring up 1/3 t u r n .  This places t h e  
valve i n  the  equal iz ing posi t ion .  Lrtter when t h e  valve is t r ipped once 
the  intake w i l l  be open. ( s t e p  2) 

( 9 )  Remove the  socket wrench and replace  t h e  socket 
screw. 

(10) I n s e r t  a c lean sample b o t t l e  and cloee down the  Sam- 
p l e r  head. 

(11) Lower the sampler t o  the  point  i n  the  stream a t  
which the  sample is  t o  be taken.  

(12) Make one contact  of the  switch and open again,  not-  
ing the tixce at  which the  switch was closed as t h a t  i s  the  t i m e  sampling 
s t a r t s .  

(13) When the  des i red  sampling time has e lapsed,  c lose  
t h e  switch, then open it again. The sampling t i n e  ends with the  c los -  
ing  of the  switch, which c loses  the  sampler valve. 

(14) Raise the  sampler f o r  the  purpose of removing the  
sample. 

(15) Depress the  catch and r a i s e  the  sampler head 

(16) Remove the  saaple b o t t l e  being c a r e f u l  not t o  s p i l l  
the  sample nor al low it t o  be contaminated. 

(17) Place a cap on the  b o t t l e  and record a l l  necessary 
i n f o r m t i o n  concerning the  sample. 

b. Subsequent point  samples a r e  taken with the  clock-type- 
spring-driven sampler as follows, providing the  valve has not  been 
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moved from the  c losed  p o s i t i o n :  

( 1 )  I n s e r t  a  c l ean  sample b o t t l e  and c lose  down t h e  
sampler head. 

( 2 )  Kake one s h o r t  con tac t  of  t he  switch t o  r o t a t e  t h e  
valve from t h e  f u l l y  c losed  t o  t h e  equal.izing p o s i t i o n .  

(3) Follocr i tems (11)  - (17)  of t h e  procedure i n  s ec -  
t i o n  49a f o r  t a k i n g  a po in t  sample. 

( 4 )  Af t e r  f o u r  o r  f i v e  samples have been taken,  t h e  
valve s p r i n g  w i l l  need t o  be rewound. To rewind and t ake  t h e  next  
sample, fo l low t h e  procedure o u t l i n e d  i n  i tems ( 1 )  - (17)  i n  Sec t ion  
49a f o r  t ak ing  a  po in t  sample. 

c .  With ro ta ry-so lenoid  opera ted  va lve .  Poin t  samples a r e  
taken wi th  t h e  ro ta ry-so lenoid  opera ted  sampler a s  fo l lows:  

(1) Check a l l  e l e c t r i c a l  connect ions.  

( 2 )  D i a l  t he  r e f e rence  number ( 5  o r  6 )  as shown i n s i d e  
t h e  c o n t r o l  box. 

( 3 )  Check f o r  open p o s i t i o n  o f  valve by p re s s ing  t h e  
but ton  i n  the  c o n t r o l  box and watching f o r  d e f l e c t i o n  of t h e  r te ter  
needle .  

( 4 )  I f  needle i s  not  d e f l e c t e d ,  d ia l  a  second t i ~ e  and 
check ~ e t e r .  D i a l  a t h i r d  t iw i f  necessary  

( 5 )  If n e t e r  needle i s  not  d e f l e c t e d  wi th  t h e  t h i r d  
t r i a l ,  d i a l  t h e  r e f e rence  number minus one and check t h e  meter r e p e a t -  
e d l y  u n t i l  t h e  reading  i n d i c a t e s  t h a t  t h e  va lve  is  i n  t h e  open p o s i t i o n .  

( 6 )  Now d ia l  t h e  re ference  number two t i n e s  t o  p l ace  
t h e  valve i n  t h e  equa l i z ing  pos i t ion  

( 7 )  I n s e r t  a  c l ean  sample b o t t l e  and c l o s e  t h e  sampler 
head. 

(8) Lower the sampler t o  t h e  po in t  i n  t h e  s t ream a t  
which t h e  sample i s  t o  be taken.  
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( 9 )  Dial  the  reference  number and note t h e  t ime,  which 
i s  the  t i n e  sampling s t a r t s .  

(10) Press the  button i n  the  con t ro l  box and watch f o r  
de f l ec t ion  of the  ~ e t e r  needle which ind ica tes  the  valve i s  open. 

(11) If the  needle does not d e f l e c t ,  t h e  valve is  not  
open and step8 must be repeated s t a r t i n g  with item ( 5 )  above. 

(12) When the  des i red  sampling t i ~ e  has e l apsed ,  d i a l  
the  reference number again t o  c lose  the  valve.  Note the  tixce a t  which 
the  sampling period ends. 

(13) Raise t h e  sampler. 

(14) Depress the  ca tch  and r a i s e  the  sampler head. 

(15) Remove the  sample b o t t l e  being c a r e f u l  not  t o  s p i l l  
t he  sample nor allow it t o  be contaminated. 

(16) Place a cap on t h e  b o t t l e  and record a l l  necessary 
information concerning t h e  sample. 

d .  Subsequent point  samples a r e  taken with the  rotary-solenoid 
sampler a s  follows: 

(1) I n s e r t  a c lean  saniple b o t t l e  and c lose  down the  
sampler head. 

(2 )  D i a l  the  reference  number t o  move the  valve from the  
closed t o  the  equalizing pos i t ion .  

( 3 )  Follow items (7) - (16) of the  procedure i n  Section 
49c f o r  taking a point  sample. 

50. Composite samples--It  i s  poss ib le  t o  combine two o r  more small 
samples i n  one b o t t l e .  The sampling time f o r  each por t ion  of  the  com- 
p o ~ i t e  sample must be such t h a t  the  t o t a l  time w i l l  give the  des i red  
quant i ty  of sample. If equal  weight i s  t o  be given t o  each por t ion ,  
the  sampling t i n e  f o r  each should be equal .  

The procedure f o r  combining three o r  four  samples is s i m i l a r  t o  
t h a t  f o r  combining two samples and may be accomplished by following 
the  ou t l ine  below. 
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a. With the spring-operated valve. A composite sample my 
be talcen with the sprine-operated sampler as follows: 

(1) The procedure given in Section 498, itens ( 1) - (13), 
should be followed to take the first portion of a composite sample. 

( 2 )  Next, malie one short contact of the stritch to rotate 
the valve from the fully closed to the equalizing position in prepara- 
tion for taking the next portion of the composite sample. 

(3) The next portion of the composite sample is then 
taken by following the procedure given in items (11) - (1)) of Section 
49s. 

(4 )  The valve must be rotated from the closed position 
to the equalizing position by one short contact of the switch in pre- 
paration for taking another portion of the mmposite sample. 

( 5 )  The final portion of the composite sample is taken 
by following the procedure given in item (11) - (17) of Section 49a. 

b. With the rotary-solenoid operated valve. A composite 
sample may be taken with the rotary-solenoid sampler as follows: 

(1) The procedure given in Section 49c, items (1) - (12), 
should be followed to take the first portion of a composite saniple. 

(2 )  To take the next portion of a composite sample, first 
change the valve from the closed position to the equalizing position by 
dialing the reference number once, then follow the procedure gi.ven in 
items (8) - (12) of Section 49c. 

(3) To take the final portion of the composite sample, 
dial the reference number to move the valve from the closed position 
to the equalizing position and then follow the procedure given in 
items (8) - (16), Section 4%. 

51. Depth-integrated samples--Depth-integrated sediment samples may 
be taken with the point sampler by traversing the sampler over the range 
in depth to be sampled, while the valve is in the open position. Sam- 
ples may be integrated between any given limits of depth provided the 
distance is not so great that an excessive rate of travel is required 
by the sampler to prevent overfilling the bottle. Depth-integrated 
samples may be taken (1) by continuous sampling from the surface to the 
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bottom and back t o  the  surface of the  stream, when the  depth and/or 
veloci ty  of flow i s  not too great ;  ( 2 )  by in tegra t ion  one way, e i t h e r  
from the  surface  t o  the  bottom o r  from the  botf,om t o  t h e  surface when 
depth and/or ve loc i ty  i s  beyond the  range of  two-way in tegra t ioc ;  and 
( 3 )  by in tegra t ing  the  depth i n  two o r  w r e  por t ions  when the  depth 
and/or ve loc i ty  is  beyond the  range of  coniplete one-bray in tegra t ion .  
The l imi ta t ions  and procedures f o r  depth- in tegra t ion sampling are dis- 
cussed a s  follows : 

a .  Limitat ions.  To take a  depth-integrated sample of t h e  
water-sediment mixture i n  a stream, the  sampling operat ion must con- 
t inue  uninterrupted while the  sampler i s  e i t h e r  lowered o r  r a i sed  a t  
a  uniform r a t e  of speed through the  des i red  range i n  depth. There 
a r e  c e r t a i n  l imi ta t ions  on the  r a t e  of r a i s i n g  o r  lowering the  sam- 
p l e r  during in tegra t ion .  The obvious one is  the  physical  l i m i t a t i o n  
of the equipment and operator .  If the  equipmnt  can move t h e  sampler 
a t  a v e r t i c a l  speed of only two f e e t  pe r  second, t h a t  is, of course, 
the  ma;cimum sampler speed avai lable .  Also the  sampler t r i l l  not oper- 
a t e  properly i f  t h e  v e r t i c a l  speed is  excessive i n  proportion t o  the  
stream ve loc i ty .  Excessive v e r t i c a l  speeds may be avoided by remem- 
bering t h a t  the  sampler can in tegra te  i n  one d i r e c t i o n  t o  30 f t .  i f  
the  sample i s  400 cc o r  more and t o  24 f t .  i f  the  sample i s  320 cc  o r  
more. Generally two-tray in tegra t ion  &t a uniform speed i s  allowable 
t o  15 f t .  of depth f o r  a  sample of 400 cc o r  over, and t o  12 f t .  of 
depth fo r  a sample of 320 cc o r  over. Although these  limits a s s m e  a 
f a i r l y  normal shape of the  v e r t i c a l  ve loc i ty  curve of t h e  stream, they 
may be used with reasonable assurance t h a t  t h e  allowable speed of  the  
sampler w i l l  not be se r ious ly  exceeded. 

b. Two-way in tegra t ion  i n  shallow streams with m d e r a t e  ve- 
l o c i t y .  If t h e  flow veloci ty  i s  low o r  moderate, streams up t o  l ' j f t .  
i n  depth may be sampled by in tegra t ing  continuously *om t h e  surface 
t o  the bottom and back t o  the  surface .  The d i r e c t i o n  of t r a v e l  of  t h e  
sampler should be reversed a s  r ap id ly  a s  poss ib le  a t  t h e  bottom of the  
stream, o r  a t  the  bottom of the  in tegra ted  depth. If the  bottom i s  
reached i n  a  shor te r  time than o r i g i n a l l y  planned, because t h e  a c t u a l  
lowering r a t e  was too  g r e a t  the  cor rec t  t o t a l  sampling time can be 
a t t a ined  by r a i s i n g  the  sampler a t  a s l i g h t l y  s l o ~ r e r  speed than t h a t  
used going down. Simi lar ly ,  too  slow a lowering speed may be cor rec t -  
ed by bringing the  sampler up a t  a  s l i g h t l y  f a s t e r  r a t e .  However t h e  
sampler should be lowered a t  one uniform speedl r ap id ly  reversed and 
ra ised  at  a  uniform speed, which does not need t o  be exact ly  t h e  s a w  
a s  the lowering speed. Changes i n  speed between the  lowering and 
r a i s i n g  t r i p s  should be kept small i f  t h e  depth is  near t h e  m a x i m u m  
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allowable f o r  the  r e s u l t i n g  s i z e  of sample. A ~ e t h o d  f o r  two-way i n -  
t e g r a t i o n  i s  out l ined a s  follows: 

(1) Peasure the  stream depth a t  the  sanpling v e r t i c a l  
by lowering the sampler from the  surface  t o  the  bottom (before i n s e r t -  
ing  a b o t t l e )  noting the  reading on t h e  depth ind ica to r  on the  r e e l  
at both the  surface and the bottom. 

( 2 )  After  ~ e a s u r i n g  the  stream depth, r e t r i e v e  the  sam- 
p l e r .  

( 3 )  The sampler valve should be s e t  i n  the open p o s i t i o n  
and l e f t  the re .  

( 4 )  A c lean sample b o t t l e  must be placed i n  the  sampler 
and the  s a q l e r  head closed. 

( 5 )  The length of time required t o  obta in  a sample of 
about 400 cc o r  t o  f i l l  the  b o t t l e  about 4 inches should be est imated 
based on stream veloci ty  and Fig.  9 .  

( 6 )  The r a t e  a t  which the  sampler i s  t o  be moved may be 
obtained by dividing twice the depth by the  estimated t i ~ e  of sampling. 

(7)  Lower the  sampler from above the  water surface  t o  
the  bed of the  stream a t  the  predetermined r a t e .  

(8) Note t h e  ti= a t  which t h e  sampler e n t e r s  t h e  water. 

( 9 )  Rapidly reverse the  d i r e c t i o n  of t r a v e l  when t h e  
sampler reaches t h e  bottom a s  indicated  by the  reading on the  depth 
ind ica to r  and r a i s e  the  sampler t o  the  surface a t  the  same r a t e .  Care 
must be taken not t o  drop the  sampler on the  stream bed because t h i s  
may cause t h e  nozzle t o  d i g  i n t o  t h e  bed and pick up bed mate r i a l  
which w i l l  contaminate the  sample. 

(10) Note the t i n e  a t  which the sampler c l e a r s  the  water 
surface.  It can then be ra i sed  f o r  t h e  removal of the sample. 

(11) Remove the  sample b o t t l e ,  being c a r e f u l  not t o  s p i l l  
o r  contaminate the  sample. 

(12) Cap t h e  b o t t l e  and record a l l  necessary information 



Section 5 1  54 

c .  Cne-way in tegra t ion  i n  deep streams o r  streams of moderate 
depth with high ve loc i ty .  If the  depth of t h e  stream i s  g r e a t e r  than 
15 f e e t  but l e s s  than 30 f e e t  o r  the  stream ve loc i ty  i s  so  g r e a t  t h a t  
unreasonably f a s t  speed is  required t o  lower and r a i s e  t h e  sampler t o  
prevent o v e r f i l l i n g  the  b o t t l e ,  then the  sample should be obtained by 
depth in tegra t ion  i n  one d i r e c t i o n  only. In tegra t ion may be e i t h e r  
from the  surface t o  the  bottom o r  from the  bottom t o  the  surface  st a 
uniform speed through t h e  range of depth. There a re  no d a t a  t o  prove 
t h a t  the  d i rec t ion  of in tegra t ion  appreciably a f f e c t s  the  accuracy of 
the r e s u l t s .  k t h o d s  for  in tegra t ing  i n  e i t h e r  d i r e c t i o n  with e i t h e r  
the  spring operated sampler o r  khe ro ta ry  solenoid operated sampler 
a r e  outl ined below. 

d .  In tegra te  from the  surface t o  t h e  bottom of a stream with 
the  s p r i n g - o F a t e d  sampler as f o l l ~ ~ ~ s  : 

( 1 )  Follow the  procedure i n  items (1 )  through (7), 
Section 493, f o r  taking a point  sample. 

(2)  The valve i s  t o  be l e f t  i n  the  open pos i t ion .  

(3)  Remove the  socket wrench and replace the  socket 
screw. 

( 4 )  I n s e r t  a c lean sample b o t t l e  and c lose  down t h e  
sampler head. 

(5 )  The tilre necessary t o  take a sample of about 400 cc 
o r  t o  fill the  b o t t l e  about 4 inches should be estimated. 

( 6 )  The r a t e  a t  which the  sampler i s  t o  be lowered is  
obtained by dividing the  depth t o  be in tegra ted  by the  sanipling ti=. 

(7) Lower t h e  sampler t o  the  bottom of the  stream a t  
t h i s  r a t e .  

(8) Note the  ti= the  sampler e n t e r s  the  water. 

( 9 )  The i n s t a n t  t h e  sampler touches the  bottom make one 
contact of the  switch t o  c lose  t h e  sampler valve and open the switch 
again.  

(10) Note the  time a t  which the  valve i s  c losed.  
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(11) Raise the  sampler. 

(12) Re~ove  the  sample b o t t l e  being c a r e f u l  not t o  s p i l l  
o r  contaminate the  sample. 

(13) Cap the  b o t t l e  and record a l l  necessary information 

(14)  To take  subsequent samples i n s e r t  a c lean  sample 
b o t t l e  and c lose  down t h e  sampler head. 

( 1 5 )  Make two shor t  contac ts  of  the  switch t o  r o t a t e  the  
valve from the f u l l y  closed t o  the  equal iz ing  pos i t ion  and then t o  t h e  
open pos i t ion  (check t o  be sure  the  valve is  open). 

(16) Follow items ( 5 )  through (13) of  the  procedure above 
t o  obta in  the  second sample. 

(17) After  four  o r  f i v e  samples have been taken, the  
valve spr ing  t r i l l  need t o  be rewound. To rewind and continue sampling, 
follow the  procedure ou t l ined  i n  items (1 )  through (13) above. 

e .  In tegra te  from the  bottom t o  the  surface  of a stream with 
the  spring-operated sampler a s  fol lows:  

(1) Follow items (1) through ( 1 0 ) )  Sect ion  49a, for tak- 
ing  a point  sample. 

( 2 )  Estimate the  time necessary t o  take  a sample of 
about 400 cc ,  o r  t o  f i l l  the  b o t t l e  4 inches. 

(3 )  The rate a t  which the  sampler i s  t o  be ra i sed  is 
obtained by d iv id ing the  depth t o  be in tegra ted  by the  sampling ti=. 

( 4 )  Lower the  sampler t o  the  bottom of the  stream. 

( 5 )  Make one contact  of  the  switch and open again t o  
place the  valve i n  the  sampling pos i t ion .  

( 6 )  Note the  t im  the  switch was operated.  

(7) A t  t he  same tirce t h e  contact  i s  made, s t a r t  r a i s i n g  
the  sampler a t  the  r a t e  determined under (3)  above. 

(8)  Note the  t i a e  when the  sampler exerges from the  
water surface .  



(9) Raise the  sampler and remove the  sample b o t t l e  being 
ca re fu l  not t o  s p i l l  o r  contaminate the  sample. 

(10) Cap the  bo t t l e  aria record all necessary information, 

(11) To take subsequent samples i n s e r t  a clean sample 
bo t t l e  and c lose  down the sampler head. 

(12) Wke two shor t  contacts  of the  switch t o  r o t a t e  the  
valve from the  open posi t ion t o  the  f u l l y  closed posi t ion,  and then t o  
the equalizhg posit ion 

(13) Follow items (2)  through (LO) above t o  obtain the 
subsequent samples. 

(14) After  four o r  f i ve  samples have been taken, t he  
valve spring w i l l  need t o  be rewound, The procedure f o r  rewinding 
and for taking the next sample i s  given i n  Section Sle,  items (1) 
through (10) above. 

9. 
the rotarv-s 

( 1 )  Follow the  procedure i n  items (1 )  t o  ( 5 ) ,  Section 
49c, for taking a point  sample, 

(2) The valve i s  t o  be l e f t  i n  the open pos i t ion .  

( 3 )  Proceed as outl ined i n  Section 5 ld ,  items (4)  
through (13),  except i n  i tem ( 9 )  t o  close the  sampler valve d i a l  the  
reference number the  ins tan t  the  sampler touches the  bottom of the 
stream. 

(4)  To take subsequent samples, i n s e r t  a clean sample 
bo t t l e  and cloee down the  sampler head. 

( 5 )  Dial  the cor rec t  number two L i m e s  t o  r o t a t e  the 
valve from the fulPy closed t o  the  equalizing pos i t ion  and then t o  
the  open pos i t ion .  

(6) Proceed as i n  Section SLf, item ( 3 ) ,  above. 

a .  In tegrate  from the  bottom t o  the  surface  of" a stream with - - 
the rotary-solenoid-operated sampler as follows: 
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( 1 )  Follow items (1) through (7)  Section 49c f o r  t ak ing  
a point  sample. 

(2 )  Proceed a s  ou t l ined  i n  Sect ion  5 le ,  items ( 2 )  
through (10) except i n  i tem ( 5 )  d i a l  the  reference number t o  open the  
valve while the  sampler i s  a t  the  bottom of the  stream. 

(3) To talre subsequent samples, i n s e r t  a  clean sample 
b o t t l e  and c lose  down the  sampler head. 

(4) Dial  the  reference number two t imes,  t o  zove t h e  
valve from the  open pos i t ion  t o  the  closed and then t o  the  equal iz ing  
pos i t ion  i n  preparat ion f o r  lotrering the  sampler t o  the  bed of  t h e  
stream. 

( 5 )  Proceed a s  i n  Section 5 lg  i tem ( 2 )  above. 

h .  Frac t ional  depth in teg ra t ion  i n  extrerrely deep streams o r  
streams tr i th very high veloci ty .  Streams which a r e  too deep o r  flow 
too f a s t  t o  be depth in tegra ted  by the  methods given above may be sam- 
pled by d iv id ing the  v e r t i c a l  i n t o  f r a c t i o n s  each of which i s  depth  
in teg ra ted  individual ly .  The top  ha l f  of the  depth may be in teg ra ted  
a s  one sample and the  bottom hal f  a s  a second sample. In  the  same 
manner, the  depth may be divided i n t o  t h i r d s .  If the  individual  
samples a r e  t o  be combined t o  give a representa t ive  sample f o r  t h e  
t o t a l  depth, the  r a t e  of sampler ~ovement must be the  same f o r  a l l  
samples, and it must be uniform throughout the  t o t a l  depth. The en- 
t i r e  depth must be in tegra ted  without skipping o r  overlapping any 
por t ion  of the  depth. In teg ra t ion  w i l l  be assumed t o  occur i n  one 
d i r e c t i o n  only. I f  the  r a t e  of sampler movement va r i e s  i n  each por-  
t i o n ,  each sample must be weighted according t o  t h e  depth and v e l o c i t y  
t o  which it p e r t a i n s .  Af ter  the  ind iv idua l  samples have been proper ly  
weighted, the  r e s u l t s  may ke combined t o  give a  f igure  r ep resen ta t ive  
of the  t o t a l  depth.  

(1) Divide the  t o t a l  depth i n t o  f r a c t i o n s .  The su r face  
ve loc i ty  of the  stream and the  t o t a l  depth a r e  used t o  determine t h e  
r a t e  a t  which the  sampler w i l l  have t o  be ra i sed  o r  lowered and t h e  
number of p a r t s  i n t o  which the  v e r t i c a l  must be divided.  From Fig. 3 
f ind  the  f i l l i n g  time f o r  a  sample of  about 400 cc using the  su r face  
ve loc i ty  and s i z e  of nozzle i n  the  sampler. Divide the  t o t a l  depth  
t o  be in teg ra ted  by t h i s  sampling time, t o  f i n d  the  r a t e  of sampler 
movement required t o  take the  e n t i r e  sample i n  one b o t t l e .  The mx- 
i m u m  rate f o r  ~ o v i n g  the  sampler i s  about 2 f e e t  per  second. I f  t h e  
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computed s a t e  is  too  f a s t  f o r  handl ing the  sampler ( g r e a t e r  t han  2 fee.; 
p e r  second) ,  bu t  l e s s  than  twice t o o  f a s t ,  d i v i d e  t h e  t o t a l  depth  l n t o  
ha lves .  I f  t he  r a t e  i s  sore than  twice t o o  fast but  l e s s  t han  t h r e e  
t i ~ e s  t o o  f a s t ,  d iv ide  t h e  t o t a l  depth  i n t o  t h i r d s .  

( 2 )  To sample f r a c t i o n a l  depth when d iv ided  i n t o  t h i r d s .  
I n  t h i s  procedure the  sampler should be aoved a t  one- th i rd  t h e  r a t e  
t h a t  was computed above f o r  t h e  t o t a l  depth.  The ~ e t h o d  f o r  t a k i n g  a 
sample from the  sur face  t o  t h e  bottom has a l r eady  been given i n  Sec- 
t i o n  51d and 5 l f .  This  nethod pay be used f o r  sampling from t h e  s u r -  
face down t o  t h e  t h i r d  p o i n t  of  t h e  depth  by c l o s i n g  t h e  sampler 
valve a t  t h e  i n s t a n t  t h e  sampler i s  l o ~ ~ e r e d  p a s t  t h i s  t h i r d  p o i n t .  
S imi l a r ly ,  t h e  method f o r  t a k i n g  a sample from t h e  bottom t o  t h e  sur- 
f a c e .  a s  given i n  Sec t ion  51e and 51g, may be adapted t o  t ak ing  a 
sample from the  bottom up t o  t h e  t h i r d  p o i n t .  In  t h i s  c a s e ,  t h e  sam- 
p l e r  valve i s  closed a s  t h e  sampler passes  t h e  t h i r d  p o i n t  from t h e  
bottom. 

The middle t h i r d  of  t h e  v e r t i c a l  remains t o  be sampled. This  i s  
where depth i n t e g r a t i o n  begins  below t h e  water  su r f ace  and ends below 
t h e  su r f ace .  The po in t  sampling procedure,  as given i n  S e c t i o n  49a and 
49c, may be followed, no t ing  t h a t  t h e  con tac t  t o  open t h e  sampler valve 
and start  sampling i s  m d e  a t  t h e  tin!; t h e  sampler s t a r t s  through t h e  
s e c t i o n  of depth t o  be i n t e g r a t e d ;  l ikewise ,  t h a t  t he  con tac t  t o  c lo se  
t h e  valve and end sampling i s  ma6e a s  t he  sampler reaches t h e  limit of  
t h e  po r t ion  of t h e  depth  t o  be i n t e g r a t e d .  I n  t he  per iod  between 
these  con tac t s ,  t he  sampler i s  ~ o v i n g  a t  a  uniform r a t e  o f  speed 
through t h a t  f r a c t i o n  of t h e  depth  which i s  t o  be i n t e g r a t e d ,  This  
r a t e  is  the  same a s  t h a t  used f o r  t h e  t o p  and bottom t h i r d s  of t h e  
depth .  

52.  Ef fec t  of  downstream d r i f t  o f  t h e  sampler--When sampling i n  
high v e l o c i t i e s  by the  dep th - in t eg ra t ing  m t h o d  a s  d iscussed  i n  Sec- 
t i o n  51, t he  sampler d r i f t s  downstream a f t e r  e n t e r i n g  t h e  water .  This 
has been gene ra l ly  ignored i n  t h e  previous d i s c u s s i o n s .  However, it 
does r e s u l t  i n  eome sampling e r r o r s .  F i r s t ,  t h e r e  i s  t h e  discrepancy 
between t h e  depth  a s  i nd ica t ed  by t h e  amount o f  samples suspension 
cable  l e t  o u t  and t h e  t r u e  v e r t i c a l  depth .  Also, t h e r e  i s  t h e , f a c t  
t h a t  a s  t h e  sampler i s  lowered i n t o  t h e  stream, it c o n t i n u a l l y  d r i f t s  
f a r t h e r  downstream. A s  it is raised. t o  t h e  su r f ace ,  it i s  pulled up- 
s t ream a g a i n s t  t h e  c u r r e n t .  This  r e s u l t s  i n  an  a c t u a l  v e l o c i t y  p a s t  
t h e ' s a n p l e r  nozzle  which i s  l e s s  than  t h e  s t ream v e l o c i t y  when t h e  
sampler i s  being lowered and g r e a t e r  than  t h e  s t ream v e l o c i t y  when 
t h e  sampler i s  being r a i s e d .  The scope of' t h e s e  i n s t r u c t i o n s  is t o o  
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l i m i t e d  t o  a t tempt  t o  exp la in  t h e  p r i n c i p l e s  involved,  and t o  i n d i c a t e  
t h e  co r r ec t ions  t o  apply t o  even t h e  most usua l  condi t ions  of down- 
s t ream d r i f t  o f  t h e  sampler.  However, i f  t h e  sampling in s t ruc t ions  
previous ly  given a r e  followed c a r e f u l l y ,  t he  e r r o r s  a r i s i n g  from t h e  
downstream d r i f t  o f  t h e  sarnpler w i l l  seldom be s e r i o u s .  

The xos t  c r i t i c a l  d ~ ~ m s t r e a m  d r i f t  cond i t i ons  occur  when t h e  sam- 
p l e r  Ls suspended from a  po in t  high above t h e  wa.ter su r f ace  i n  a 
s tream having a high v e l o c i t y .  I f  t he  product  of  t h e  he ight  of  
suspens-i.on of -the sampler above t h e  water i n  f e e t  and t h e  v e r t i c a l .  
angle  of t he  sounding l i n e  i n  degrees exceeds 250, t h e  US P-46 should 
not  be used f o r  two-way i n t e g r a t i o n  without a c a r e f u l  i n v e s t i g a t i o n  
of  t h e  probable e r r o r s  involved. 

I n  any comparison of sample quan t i t y  wi th  s t ream v e l o c i t y  o r  of  
p o h t  samples wtth dep th - in t ez ra t ed  samples, t h e  d i f f e r e n c e s  a r i s i n g  
from the  d o ~ ~ n s t r e a m  d r i f t  of t h e  sampler must be taken  i n t o  account .  
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